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Endophytic fungi (A. coenophialum and A. lolii) which infect grasses produce
ergot alkaloids that serve as the grasses' chemical defenses and enhance the vigor of
the grass.Turf-type tall fescue with high endophyte levels has been deliberately
developed to produce a greener, more vigorous, pest-resistant turf. Consumption of
endophyte-infected grass causes various toxicity symptoms in livestock.
Cattle in the southeastern and midwestern United States, where tall fescue is
grown on 14 million hectares, often develop signs of toxicosis during summer months
from grazing plants in fected by A. coenophialum. A more severe form of the
disease, fescue foot, has been associated with cold environment and reported in late
fall and winter months not only in the southeastern United States but also in the
northwest United States.In New Zealand, where perennial ryegrass is grown on 7
million hectares of pasture, sheep often develop a condition called ryegrass staggers
from grazing plants infected by A. lolii. New Zealand reports economic losses
Redacted for Privacygrazing plants infected by A. lolii. New Zealandreports economic losses associated
with the sheep industry of $205 millionper year.In the United States, economic
losses associated with the beef cattle industry alone is estimatedat $600 million per
year.
Range finding experiments and case studies of fescue foot and perennial
ryegrass staggers (PRGS) were conducted on cattle and sheep under grazing and barn
conditions. The main objective was to determine threshold levels ofthe endophyte
toxins, ergovaline (EV) (appendix 1) and lolitrem B (appendix 2),associated with the
diseases of fescue foot and PRGS respectively. Fescue footwas experimentally
induced in cattle under barn studies in the spring with 825 ppb ergovaline.The
ergovaline contaminated feed was given fora period of 42 days. Similar barn
studies in sheep in spring to early summer did not produce clinicalfescue foot with
up to 1215 ppb. Field studies of natural fescue foot in a herd of sheepwere
conducted, (ie 540 ppb) values of ergovaline in the feed, but clinical diseasewas not
produced in late fall through winter. A case study froma herd of sheep revealed 813
ppb dietary ergovaline had produced fescue foot in the months of fall(November).
Fields of perennial ryegrass (PRG) where sheep received 2,135 ppb lolitremB
toxin were associated with clinical cases of PRGS in 42 sheep of 237sheep (18
percent incidence rate) in the Willamette Valley of Oregon. Three months later,
sheep on this same field which then had 1,465 ppb lolitrem B, didnot have PRGS.
These were the first range finding experiments undertaken in thislocale to document
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INTRODUCTION
Many species of grasses (Gramineae) of the subfamily Poodeae (Festucoidae)
are associated with intercellular fungi. The fungi grow endophytically within seeds,
leaves, culms, rhizomes, and meristems of grasses and never show external signs of
infection nor signs of a disease. The fungus associated with thesegrasses belongs to
the anamorphic genus Acremonium link section and consists primarily of two species:
A. coenophialum and A. lolii. These two fungal species are perennially associated
with tall fescue (Festuca arundinacea Schreb.) or perennialryegrass (Loilium perenne
L.), and current evidence indicates that these symbiota are mutualisms. Unlike other
symbiota, once the association is established, the fungal andgrass components do not
live apart, even briefly; therefore, these associations are describedas an obligately
conjunctive symbiota.
Fungal mutualism of the symbiota produce toxic secondary metabolites which
affect a broad range of invertebrate and vertebrate animals, as wellas
microorganisms. Fungal mutualists are also associated with mechanisms which allow
the symbiota to tolerate many severe or limiting abiotic environmental conditions.
These symbiota apparently established their associations early during evolution, but
did not co-evolve with their hosts. Much of their competitive ability isa direct
outcome of the many secondary products produced by the fungus.
Endophytic fungi (A. coenophialum) which infect tall fescue produce chemical2
(ergot) alkaloids that serve as the grass's chemical defenses and enhance the vigor of
the grass. The principal animal toxin in tall fescue is believed to be ergovaline (EV)
(see Appendix 1).Turf-type tall fescue with high endophyte levels has been
deliberately developed to produce a greener,more vigorous, pest-resistant turf. The
ergot alkaloids not only inhibit plant pests and diseases but also are toxic to large
animals. Consumption of endophyte-infected tall fescuecauses various toxicity signs
in livestock. These include summer fescue toxicosis (poor growth, increased
sensitivity to heat stress), fescue foot, foot necrosis, and impaired reproduction.
These effects are largely (or perhaps totally) due to alterations in secretion ofthe
hormone, prolactin, and neurotransmitters suchas serotonin and dopamine which
transmit messages in brain tissue.
Prolactin functions in regulating growth, reproduction, lactation, andresponse
to heat stress. Ergot alkaloids in endophyte-infected tall fescuecause a dramatic
decrease in prolactin secretion and blood prolactin levels. A relationship has been
established between poor animal performance and the Acremonium endophytes oftall
fescue (Bush et al., 1982) and perennial ryegrass (Loliumperenne L.) (Siegel et al.,
1985).
Cattle in the southeastern and midwestern United States, where tall fescue is
grown on 14 million hectares, often develop signs of toxicosis during summer months
from grazing plants infected with A. coenophialum. In New Zealand, whereperennial
ryegrass is grown on 7 million hectares of pasture, sheep often develop a condition
called ryegrass staggers from grazing plants infected by A. lolii. Consumptionof
endophyte-infected tall fescue causes various toxicity signs in livestock. In the United3
States, economic losses associated with the beef cattle industry alone is estimated at
$600 million/year.
The tall fescue toxicosis signs are markedly affected by the environment.
Summer fescue toxicosis (Summer Slump) is most severe in the southeast United
States where summer temperatures and humidity are high. Fescue foot is mostsevere
under cold environmental conditions. Thus, both the animal'sresponses and
production of ergot alkaloids by the endophytes vary according to the environment
(Belesky et al., 1989). Smith et al. (1985) fed endophyte-infected tall fescue hay to
cattle and found that intake decreased and rectal temperature increased (38.6 C to
40.4 C) when environmental temperature increased from 20 C to 32.2 C. Since signs
of tall fescue toxicosis in livestock vary according to geography, climatic conditions
play a factor when the intoxication occurs, it is important to investigate conditions of
clinical disease in western Oregon.
In western Oregon, fescue foot, or gangrene of distal extremities due to
vasoconstriction of the small arterioles, is the predominant clinical presentation.
Other clinical signs associated with this toxin include intolerance to heat, elevated
body temperatures, reduced conception rates, lower milk production, rough haircoat,
and a reduction in the rate of average daily weight gain. This toxincan result in the
death of animals or incapacitation of the animals such that they must be destroyed.
The general hypothesis is that toxin (assumed to be the ergopeptide, ergovaline)
(Hannah et al., 1990) associated with endophyte-infected tall fescuecauses
vasoconstriction in peripheral tissue, resulting in decreased heat dissipation and
increased body temperature due to the shunting of blood tocore body tissues (Rhodes4
et al., 1990).
The disease of perennial ryegrass staggers is manifestedas a neurologic
disorder characterized by muscular tremors, locomotor incoordination,and tetany.
Animals often appear normal at rest. When incitedto move, they have stiff, spastic
gaits, exaggerated limb action, muscularspasms, and occasionally tetanic seizures,
from which they recover after a few minutes of rest. The conditionis reversible, and
recovered animals do not appear clinically to sufferany permanent damage from the
disorder.Affected animals are frequently in good condition and routine clinicalblood
chemical analyses reveal no abnormalities (Blytheet al., 1983). Otherwise, ryegrass
staggers temporarily disables the animal from walking, eating,or avoiding predators.
Deaths attributable to perennial ryegrass staggersare rare and usually are associated
with misadventure during episodes of excitement, impairment ofweight gain, or
difficulty in management (Galey et al., 1991).
The potential for both fescue toxicosis andryegrass staggers is expected to
increase markedly in Oregon for the followingreasons:
1. An increasing proportion of the grass seed produced is endophyte-infectedturf
varieties.
2. Tall fescue acreage, especially turf-type, is expanding rapidly.
3. Because of the decrease in field burning, increasing quantities ofgrass residue
will be fed to livestock, as this is the only feasibleway of economically
disposing of them at present.
In recent years it has become apparent that endophyte toxins intall fescue and
perennial ryegrass are causing significant problems for livestock inOregon. Despite5
the fact that the diseases involved with both toxinscan be documented by
veterinarians, extension agents, and livestock producers, itwas not until summer of
1991 that a diagnostic test became available through thelaboratory of Dr. A.M.
Craig, College of Veterinary Medicine. This is the first laboratorywith this assay
on-line for use in the United States. However, there isno practical understanding of
how much toxin is tolerable and how much willcause disease (fescue foot or ryegrass
staggers) in susceptible animals. One report indicated 200 ppbergovaline in the
midwestern United States is believed tocause fescue toxicosis and clinical disease in
cattle, but no disease was produced at 300 ppb inrecent trials with cattle (Garner et
al., 1991; Rottinghaus, 1991). Stamm et al. (1992) reportedno disease at 425 ppb of
dietary ergovaline in cattle in an Oregon study. In the WillametteValley, Debassai et
al. (1993) held the first clinical trials in sheep, butno disease was reported at 1500
ppb of dietary ergovaline.
It is very important that fescue toxicosis be evaluated under Oregonconditions.
Previous research on fescue toxicosis has been conducted in environmentsmuch
different than what livestock are exposed to in Oregon. Also, inother areas, the
primary concerns are with summer pasture and hay. InOregon, fescue utilization by
livestock is much different. Seed fieldsare grazed in the winter by sheep. Seeds (as
seed screenings) are fed to all classes of livestock botheast and west of the Cascades.
Much of the straw is fed on ranches in eastern Oregon, whereextremely cold
environmental temperatures are experienced. The point is that researchdone in other
parts of the world may not be applicable here.
The purpose of these studies was to providea detailed documentation of the6
disease under Oregon grazing conditions:
1. To establish threshold concentration of ergovaline from tall fescue thatcause
disease in cattle and sheep by doing field and barn studies.
2. To determine the levels of toxin from fields with acute outbreaks of both
fescue foot and perennial ryegrass staggers.
3. To determine the level of toxins within the various parts of the plant under
seasonal conditions.7
LITERATURE REVIEW
Our understanding of the problems and opportunities inherent in usingtall
fescue as a forage crop has developed at an erraticpace. Many people, including
livestock producers, industry personnel, and scientists atmany locations, have made
contributions which have brought us to our current level of knowledge.
Three historic developments deserve special mention. In 1931, Dr.E. N.
Fergus of the University of Kentucky first observeda tall fescue ecotype growing on
a mountain pasture on a visit to the W. M. Suiter farm in Menifee County, Kentucky.
Being impressed with it, Dr. Fergus collected seed, and theecotype was
subsequently tested at many locations in Kentucky.This led to the release of
"Kentucky 31" in 1941 (the "31" referring to 1931). This variety occupiesthe bulk
of the tall fescue acreage in the United States (Hove land, 1990).
A second historic development involved cattle herds grazingseparate fescue
pasture on the A. E. Hayes farm near Mansfield, Georgia. Onlyone of the herds
exhibited fescue toxicity signs.Dr. Joe Robbins and Dr. C. W. Bacon of the USDA
in Athens, Georgia began searching for the explanation for thissituation in 1973.
Finally, in 1976 the toxic pasture was found to be 100percent infected with an
endophytic fungus, while the non-toxic pasturewas less than 10 percent infected.
This implied an association between the endophyte and fescuetoxicity (Bacon et al.,
1977).
A third development milestone involved a grazing experiment initiated inthe
mid-1970's at Auburn University. Dr. Carl S. Hove land andco-workers noted
marked differences in the appearance and weight gain ofsteers grazing newly8
established paddocks of fescue on the Black Belt Substationnear Marion Junction,
Alabama. Ultimately, it was found that therewas no fungal infection in paddocks
where performance was good, but a heavy fungal infection existed in otherpaddocks
producing poor gains. Thus, the association of the endophyte withpoor performance
of cattle was documented in a replicated, highly controlled grazingexperiment
(Hove land et al., 1983).
Early experimental plans were basedon observations at the Middle Tennessee
Experiment Station and in the Knoxvillearea.Studies envisioned in the early
research included attempts to reproduce the disease experimentally inmature beef
cattle by feeding them hay cut from a pasture where severalcattle had developed
signs of tall fescue toxicosis.After signs had been produced experimentally, itwas
envisaged that various treatments to reduce the severity of the conditionand
development of preventative procedures were to be evaluated (Fribourget al., 1991).
Tall Fescue
Tall fescue originated in western Europe andwas introduced to the United
States as a contaminant in other grass seed imports (Bacon and Siegel,1988). Tall
fescue was discovered on a hill pasture in eastern Kentucky. Theparent plants of the
current cultivar, Kentucky 31 (KY-31), were collected and propagated byDr. E. N.
Fergus from the University of Kentucky (Buckner et al., 1979). Afterrelease of KY-
31 as a cultivar in 1942, there was phenomenalacceptance by farmers during the late
1940's and 1950's.
Tall fescue grows and is used inmany countries throughout the world. Being9
grown in many different areas, it has through the years acquiredmany common
names. Those which have been reported are:reed fescue, king fescue, giant fescue,
ditch bank fescue, Randall grass,evergreen grass, and Williams grass (Yates, 1962).
Tall fescue is tolerant of soil moisture, doing wellon wet soils and also
persisting during drought.It is tolerant of soil salinity and of soil pH, doing wellon
alkaline or acid soils.Tall fescue is a good, cool season grass because it remains
green through the winter and can be grazed more months during the year thanmany
other grasses. At Knoxville, Tennessee, tall fescuegrows whenever the mean weekly
temperature is above 4 C.It also produces a very tough sod, which standsup well
under the trampling of grazing cattle.In Kentucky, it has been referred to as the
"wonder grass" because it makes possible the productiveuse of much hill land.
Tall fescue in a pure stand is considered to be less palatable than other
grasses. However, the chemical composition of tall fescue is equivalent to that of
other grasses, and it has a high carrying capacity.If it is managed properly and
grown on soils of high fertility or mixed with legumes, it compares favorably with
other grasses. Moreover, there is evidence that the palatability andnutrition of tall
fescue can be improved by plant breeding.
Endophyte Location in Plant- Levels of Toxins
The terms "fescue fungus," "endophyte," "fungal endophyte," and"fescue
endophyte" have all been used to denote the organism in question."Endo" (within)
plus "phyte" (plant) means a plant that lives within another plant.In this case, the
plant (endophyte) is a fungus. Outside the United States, the firstreport of an10
endophyte fungus was made in New Zealand (Neill, 1941).The fungus was
originally identified as Epichloe typhina and later renamedAcremonium coenophialum
(Morgan-Jones and Gams, 1982).It is generally accepted that these terms refer to the
same organism.
Two characteristics of the endophyte have great practicalimportance.First,
the organism enhances the growth andappearance of the grass, and it requires a
laboratory analysis to detect its presence. Secondly, it is seedtransmitted and
apparently not transmitted in any otherway. Thus, once a non-infected seed is
established it can be expected to remain thatway (Welty, 1990).
This Acremonium fungus lives entirely within the tall fescuehost plant in a
non-clinically detectable, nonsporulating, nonpathogenic, anda compatible
relationship (Bush and Burns, 1988). Siegel and associates (1985)described these
interactions as mutualism because thepresence of the endophytic fungus acts as an
insect deterrent. The fungus appears to colonize the innermostareas of tissues in
infected plants with the highest concentration foundat the base of the leaf sheath
(Seigel et al., 1985). This fungus survives indefinitely inthe vegetative plant
although seasonal changes in distribution of the fungus have beenobserved (Bacon
and Siegel, 1988). Survival of the fungus in the seed isnot indefinite because age,
heat or chemical treatment will render the endophyte non-viable(Neal and Schmidt,
1985; Bacon and Siegel, 1988).11
Biosynthesis and Mechanism of Distribution of Ergovaline, Lolitrem B, and
Related Metabolites (Peramine) in Endophyte-infected (E+) Plants
The alkaloid EV is the most prevalent form of ergot alkaloid found in E+ tall
fescue. Garner et al. (1991) studied relative concentrations of EV in the above-
ground leaf blades and sheaths. EV is a nitrogen-rich, low-molecular-weight alkaloid.
The nutritional status of the plant as well as host genotype and fungal biotype can
have significant effects on EV concentrations (Lyons et al., 1986). Presumably, the
precursors necessary for EV biosynthesis come from both the host plant and the
fungus. Because the fungus is dependent upon its host for nutrition, its biosynthetic
processes may be altered by its host's state of nutrition.
Distribution of EV in below-crowns remains relatively constant and
appears to be dependent of plant genotype/fungal biotype combinations or shifts in N
and PO4 source and link relationship due to nutrient stress.This was the first time
information on distribution of the EV in the below-ground crowns and roots is
provided (Azevedo, 1993). The below-ground crowns had the highest concentrations
in both fertilized and non-fertilized treated ramets of E+ and E- clones. This
indicates that the crown region of the plant may represent the site of EV biosynthesis
or acts as a sink for already synthesized EV. In addition, EV concentrations in the
roots had greatest response to fertilization when comoarted to other parts of the plant.
Overall, EV concentrations increased eighteen fold in the roots of fertilized
ramets. This wide range of EV concentrations attributed to differences in fertilization
should be considered when studying the effects of herbivory on the roots of E+
plants.Further studies are needed to determine the sites of EV biosynthesis and the12
mechanism of distribution through E+ plants.
Etiology of Fescue Toxicosis
Nature and Mode of Action of Toxins:
Fescue foot was initially diagnosed as ergotism. Ergot poison is caused by
continued ingestion of sclerotia of the parasitic fungus Claviceps purpurea.Initially,
it was seen as lameness in the hind limbs, accompanied by elevated temperature and
increased pulse and respiratory rates. A major ergot toxin, ergotamine is a
vasoconstrictor. However, fescue foot occurred on pastures in which no seed heads
and no sclerotia were present (Cunningham, 1949).
In attempts to isolate the toxin(s) responsible for depressed animal
productivity, researchers concentrated on perloline, a plant derived alkaloid which had
been shown to be lethal to mice and rabbits.Perloline was isolated from tall fescue
as early as 1955. Although many alkaloid-like substances were detected in extracts of
tall fescue, it was then thought, perloline, was the major alkaloid (Yates and Tookey,
1965). Perloline has been shown to have seasonal genotypic patterns (Gentry, 1968),
with highest concentrations measured during July and August, times corresponding to
poor animal performance. However, selection against perloline production by
crossing toxic tall fescue with ryegrass, to form the hybrid G1-307, indicated that
other anti-quality factor(s) were responsible for fescue toxicosis (Hempken et al.,
1984). Bush et al. (1972) reported that this hybrid was infected with an endophytic
fungus now known as Acremonium coenophialum. Hove land et al., (1980)13
demonstrated tall fescue which was highly infected with Acremonium was directly
associated with poor performance of yearling steers.Schmidt et al., (1982) showed
that in addition to reduced daily gains and feed intakes, rectal temperatures were
increased.
Porter et al., (1979) isolated alkaloids from KY-31 and provided some of the
first evidence that a fungus outside the genera of Claviceps was capable of producing
alkaloids which are N-peptide-substituted amides of lysergic acid. EV, the alkaloid
most abundant in tall fescue (Yates et al., 1985) accounts for 84 to 97 percent of the
total ergopeptide alkaloid fraction (Lyons et al., 1986). EV is thought to be
synthesized by the fungus not the grass, it has been produced in vitro by the fungus
(Porter et al., 1979; Porter et al., 1981) and is undetected in endophyte-free varieties
(Beleskey et al., 1988). As recently as 1988, Bush and Burns suggested that...
"we do not know what causes fescue toxicosis. We do know that an
endophyte is involved in the production of the toxin(s) per se, either by
stimulating tall fescue to produce the toxin, or by synergistically producing the
toxin with fescue." (Paterson and Kerley, 1991)
Garner et al. (1989) made the first report that signs of fescue toxicosis begin
to appear at 200 ppb ergovaline in straw feed. However, the importance of
environment, plant genotype and the animal species factors were not defined.
Moubarak et al., (1990) confirmed Davis et al. (1976) that ergot alkaloids interfere
with dopaminergic, serotonin, and alpha-adrenergic receptors and inactivated Mg and
Na-K synaptosomal ATPase (enzyme-receptors induced toxicity). More recently, our
knowledge about toxic factors associated with fescue toxicosis has been enhanced by
use of refined assay techniques such as Gas Chromatography Mass Spectophometry14
(G-C Mass Spec), High Performance Liquid Chromatography (HPLC) and
development of an immunoassay technique (ELISA) using monoclonal antibodies in
the detection of ergopeptides in tall fescue.
A Review of the Hormone Prolactin and Neurotransmitters (dopamine and
serotonin)
Prolactin is one of the seven hormones produced by the adenohypophysis, the
anterior lobe of the pituitary gland. The native prolactin molecule exists
predominantly as a single chain polypeptide consisting of 198 amino acids with a
molecular weight of 23 kDa (Ostrom, 1990). The hormone has a relatively short
half-life in the blood of 15 to 20 minutes in humans. Stamm (1992) showed that
blood samples collected in the morning have higher prolactin levels than afternoon
samples.
Consumption of food appears to have a rapid and pronounced effect on the
prolactin release. Although most pituitary hormones are stimulated to be secreted
from the hypothalamus, prolactin release from the pituitary gland is under inhibitory
control of the hypothalamus mediated by a prolactin inhibitory factor (PIF) considered
to be dopamine. Dopamine suppresses the release and synthesis of prolactin by
interacting with receptor sites on the pituitary lactotrops to reduce intracellular cAMP
which inhibits transcription of prolactin mRNA (Maurer, 1981). Any drugs elevating
catecholamine activity increase PIF. The ergot compounds, such as bromocriptine,
specifically inhibit the release of prolactin from the pituitary gland by acting as
dopamine agonists at the levels of the hypothalamus as well as by stimulating15
dopamine receptors (Ostrom, 1990).
Prolactin controls its own secretion when levels are high so as not to deplete
stores, through a short, loop-feedback system by which the hormone acts directly on
the hypothalamus to increase the turnover of the dopamine. Thus, secretion of
prolactin strikes a balance between inhibitory catecholaminergic and stimulatory
sertoninergic pathways. When freed from the negative control of dopamine, the
pituitary gland secretes prolactin autonomously (Ostrom, 1990). Metoclopramide is
an anti-dopaminergic prolactin secretogogue which acts by occupying hypothalamic
dopamine receptors to block the action of dopamine as an inhibitor of prolactin
secretion. A central issue to prolactin research has been the identification of a neural
substance or prolactin releasing factor (PRF) which mediates the rise in prolactin.
Although thyrotropin releasing hormone (TRH) is a potent secretogogue for
prolactin, it is not thought to be the PRF. TRH does not act through the
hypothalamus, but it acts directly on the pituitary gland to promote enhanced prolactin
synthesis.
Serum prolactin (PRL) is suppressed in cattle and sheep grazing E+ fescue
(Thompson et al., 1987). This effect is potentially due to the dopaminergic properties
of ingested ergopeptine alkaloids (Goldstein et al., 1980). Therefore, assuming that
circulating ergopeptine alkaloids reduced prolactin following ingestion of E+ fescue,
removal of such agents from the blood should result in increased serum PRL. Passive
immunization of cows and ewes (Fairclough et al., 1981) resulted in endocrine
changes. Thompson et al. (1993) used a monoclonal antibody specific for the
ergoline ring of the ergopeptide alkaloids. Their result shows for the first time that16
passive immunization of cattle with a mouse monoclonal antibody that binds lysergic
acid derivatives resulted in increased serum PRL in steers grazing E+ fescue. This is
definitive evidence that ergopeptine alkaloids are directly involved in animalresponses
to E+ fescue, although little is known as to the quantity of the antibody necessary to
neutralize the ergopeptine alkaloids and whether the immune system is capable of this
response when stimulated with antigen.
In rat pituitary gland tumor cells, TRH binds to plasma membrane receptors
modulating an increase in cytoplasmic calcium ion concentration which, in turn,
activates calcium calmodulin kinase. Calmodulin promotes the phosphorylation of
nuclear proteins which increase prolactin gene expression. Phospholipids metabolism
may be involved in the sustained secretion of prolactin since inositol phospholipid (IP)
undergo rapid metabolic changes upon binding of TRH. IP turnover may produce
changes in intracellular calcium.
A neurotransmitter is a chemical discharged from a nerve fiber ending that
reaches and is recognized by a receptor on the surface of a postsynaptic cell and
either stimulate or inhibit it (Blythe, 1990). Known neurotransmittersare
acetylcholine, norepinephrine, dopamine (DA), serotonin (5-hydroxytryptamine-5T),
epinephrine, and amino acids (glycine and gamma-aminobutyric acid). Glutamic acid,
aspartate, histamine, taurine and alanine are considered possible neurotransmitters.
Moubarak et al. (1990) confirm work by Davis et al. (1976) that ergot
alkaloids interfere with dopaminergic, serotonin and alpha-adrenergic receptors and
inactivated Mg and Na-K synaptosomal ATPase (enzyme-receptors induced toxicity).
The catecholamines: dopamine, norepinephrine, and epinephrineare derived from17
tyrosine. Tyrosine hydroxylase, which requires teterahydrobiopterin as a cofactor and
biological reducing equivalent, NADPH, catalyzes the formation of
dihydroxyphenylalanine (Dopa). Once formed, dopa undergoes decarboxylation to
produce dopamine. The latter serves in turn as substrate for copper-containing
monooxygenase, dopamine B-hydroxylase (Neuropharmacologists are interested in this
enzyme as a point at which to control catecholamine biosynthesis.), giving
norepinephrine, which in turn is methylated by S-adenosylmethionine (SAM) to give
epinephrine.
Although dopamine and norepinephrine are intermediates in epinephrine
synthesis, each has its own role to play as well. Norepinephrine is a neurotransmitter
in the central nervous system and also at nerve endings in the sympathetic nervous
system. Neurotransmission involves release of chemical transmitters from nerve
endings and their uptake following binding to specific receptors in neighboring nerve
cells. Dopamine is found in the midbrain in the substantia nigra and the ventral
tegmentum. In the forebrain it regulates emotional response.
Dopamine as a Neurotransmitter
Dopamine also plays a role in the central nervous system transmission,
possibly as an inhibitory agent. Such a role was strongly implied when it was learned
that dopamine levels are abnormally low in a particular region of the brain of patients
with Parkinsonism, a severe neurological disorder. Attempts to treat such patients
with dopamine were futile, because this substance after injection, does not cross the
endothelial linings (blood-brain barrier) and hence cannot remedy the deficiency.18
However, the dopamine precursor, dopa, does cross the blood-brain barrier and in
many patients with Parkinsonism daily doses of dopa have provided dramatic clinical
improvement.
Glutamate as a Neurotransmitter
Glutamate is one of the several amino acids that serve as precursors to
compounds that function in transmission of the nerve impulses. Glutamate undergoes
a pyridoxal phosphate- dependent decarboxylation to gamma-aminobutryic acid
(GABA). This compound functions as an inhibitory neurotransmitter, a substance that
inhibits transmission of nerve impulse from one cell to another in the centralnervous
system (Mathew and van Ho lde, 1990).
Serotonin as a Neurotransmitter
Serotonin plays multiple roles in the nervous system, possibly including
neurotransmission.It is produced in the pineal gland, where it serves as a precursor
to melatonin (O- methyl -N- acetylserotonin) and in the median raphe cells of the brain
stem. The pineal gland is known to regulate light reaction in animals, and the levels
of serotonin and melatonin undergo cyclic variations in phase with these cycles.
Thus, although the cycle-related actions of these compounds are not yet known, they
point to serotonin and melatonin as regulators of sleep and wakefulness. Serotonin is
also secreted by the cells in the small intestine, where it regulates intestinal
peristalsis.Finally, serotonin is a potent vasoconstrictor that helps regulate blood
pressure (Mathews and van Ho lde, 1990).19
Serotonin may act as the mediating neurotransmitter for prolactin.
Researchers have found evidence that serotonin (5-HTA) participates in the control of
prolactin release.In the recent study, suckling increased 5-HTA levels in rats and the
effect was localized to a confined area in the anterior hypothalamic nucleus. This
region of the hypothalamus is postulated as the site of a stimulatory serotonergic
pathway on prolactin release.Inhibiting this serotonergic pathway in the lactating
dams by injection of a serotonergic neurotoxin decreased the prolactinresponse to
suckling and in turn, diminished the growth rate of the pups (Mathews andvan
Holde, 1990).
Disease Conditions Produced
Cattle in the southeastern United States, where tall fescue is grown on 14
million hectares, often develop signs of clinical toxicosis or fescue foot in late fall and
winter months in the midwestern and northwestern United States.
Although KY-31 has many desirable agronomic characteristics, animal
performance has not always been as great as would be expected basedon nutritional
analyses (Steen et al., 1979; Hoveland et al., 1980). There have been four major
animal conditions associated with consumption of KY-31:
Fescue foot
Fat necrosis
Reproductive problems
Summer fescue toxicosis20
Fescue Foot
General signs are rough hair coat, diarrhea, slight lameness, and necrosis of
the ears, tail, or rear legs. The most visible sign of this condition is a dry,
gangrenous condition caused by ischemia at the coronary band. This condition
generally may occur after a period of low ambient temperatures during late fall and
winter (Hemken et al., 1984) and is especially evident when animals graze heavily N-
fertilized stockpiled pastures. Pulsford (1950) provided a graphic description of this
condition:"Affected animals lose condition rapidly and become hidebound and puffy
around the eyes. A clear line of demarcation near a region of the fetlock becomes
evident during winter when grazing the fescue appeared to be most toxic." Signs of
gangrene were reported to occur as early as 26 days or as late as 210 days after
grazing began (Jacobson et al., 1970). This condition is believed to occur because of
constriction of blood flow to peripheral regions and is interrelated to ambient
temperature.
Fat Necrosis
Fat necrosis is a less significant problem associated with consumption of tall
fescue. This condition occurs primarily in cows grazing pastures heavily fertilized
with nitrogen. Rumsey et al. (1979) described necrotic fat lesions found in the
abdominal cavity to vary in size from small nodules embedded in normal depot fat to
large, irregularly shaped masses which surrounded and constricted the intestines. The
etiology of this disease is not well documented.21
Reproductive Problem
Mares consuming tall fescue have experienced signs of agalactia, retained and
thickened placentas (Monroe et al., 1988), and still births (Garrett, 1980). While the
etiology of this problem is not well understood, alterations in prolactin and blood flow
regulation have been implicated.
Summer Fescue Toxicosis
Summer fescue toxicosis (summer slump) represents the largest economic
problem for producers grazing cattle in the southeastern quarter of the United States.
The major clinical signs has been described as an overall depression in performance
associated with grazing KY-31 during the summer. Specifically, weight gains, milk
production, weaning weights and reproductive efficiency are less than expected based
on nutrient analyses of the forage (Hove land et al., 1983; Beers and Piper, 1987; Bolt
and Bond, 1989). Affected animals seek shade and/or water. Animalsare often
caked with mud, have rough, dull hair coats, salivate excessively, and exhibit
listlessness. Hemken et al. (1981) demonstrated that poor performance of cattle
grazing tall fescue was related to environmental temperature in excess of 32 C even
though the toxic substances were present throughout the grazing season. Animals
often will exhibit an inability to cool themselves which can alter grazing times and
duration (Turner, 1989). This is also believed to occur due to impaired flow of blood
to the peripheral tissues.22
Fescue Foot
Fescue foot, sometimes referred to as fescue foot rot or fescue lameness, isa
noninfectious disease sometimes found in cattle grazing on tall fescue.It was first
reported by Cunningham (1949) from Australia. In 1950, Pulsford also described the
same clinical syndrome from New Zealand and said that it had been known to
stockmen of that area for many years. Goodman, in 1952, was the first in the United
States to report the syndrome. He stated that it had been recognized for about 30
years but had been confused with foot rot, frozen feet, or ergot poisoning.
Since Cunningham's report, numerous publications have described the
occurrence of fescue foot. At present, it has been reported in Colorado, Kentucky,
Alabama, Texas, Tennessee, Florida, Mississippi, South Dakota, California, Illinois,
Virginia, Georgia, and Missouri.It has also been reported from Italy. No
correlation is apparent between outbreaks of fescue foot and the geographical location
in which they have been reported.
The Pasture in Relation to Fescue Foot
Tall fescue pastures may be toxic either at all times or only during certain
stages of growth. Fescue possibly manifests a low level of toxicity which may build
up under certain environmental conditions. These are only guesses or theories
designed to explain some of the facts about fescue foot.
Ashley (1958) noted that one tall fescue pasture which became toxic had
produced some signs of poisoning in cattle grazing on it three years before. Suchan
occurrence had been reported by others, which suggests that the toxic principle may23
be transitory. Other investigators believe that the lack of performance ofsome
animals on fescue is due to a subclinical level of a toxic substance present in fescue
all the time but which increases to a toxic level for some unknown reason. Pulsford
(1950) states that the grass is most toxic when it is making a rapid vegetative growth.
Some animals may ingest larger than average quantities of low toxicity hay and show
signs of fescue foot. Among the different varieties of tall fescue, Alta and KY-31
appear to be most popular; nevertheless, both of these varieties at times contain a
toxic principle.
Fescue, under certain conditions, is less palatable than other grasses.
Palatability is usually improved if the fescue is well fertilized and clipped to prevent
accumulation of old leaves. Genetic variation,, season of the year and the kind of feed
to which the animal is accustomed may also be contributing factors.It is unknown
whether or not there is a correlation between palatability and toxicity. G1-43,a
naturalized variety found in Kentucky, was grazed more consistently than others; yet
some animals fed this variety developed fescue foot.
Signs of Fescue Foot
Cunningham (1949) was the first to report the occurrence of fescue foot. In
his article there is a vivid description of the clinical signs. Although all the signs
published do not agree entirely with Cunningham's report, they followa general
pattern:
1. Lameness in the hind quarters, which usually sets in after 10 to 14 dayson a
toxic pasture.24
2. Loss of weight.
3. Rough hair coat.
4. A drying and hardening of the skin near the hoof, and a line of demarcation
forming, which separates the necrotic and normal tissues. Dry gangrene
appears in the affected areas, and the peripheral portion of the limb may be
sloughed off.
Although the signs of fescue foot fall into a general pattern, many variations of
these signs are reported. After 10 to 14 days on toxic tall fescue, cattle susceptible to
fescue foot develop a lameness, a jerky action in the hind quarters. This sign is
usually the first noticed and is easily recognized.It has been seen after only 3 days
on pasture. This length of time probably means that the level of the toxic factor was
high.
Frequently, the left hind leg is the first to be affected, although both hind
limbs may be involved.In some cases, the fore limbs are also involved, and in one
case, only the fore legs were affected. The limb near the region of the fetlock, is
most often hot, swollen and painful; in a few cases, this swelling does not occur.
Cattle in such a condition are reluctant to walk or to put any weight on the affected
foot.In some cases, the leg may be carried. As the disease progresses, the swelling
and pain diminish; drying and hardening of the skin occur below the affected area.
Soon a distinct line of demarcation is apparent. The line may be near the digits,
fetlock, or part way up the cannon. Below this boundary, the limb is cold and
insensitive to pain. Advanced cases show dry gangrene of the affected digits. The
time interval between lameness and the development of dry gangrenewas reported to25
be 2 weeks.
At the line of demarcation, the peripheral portion of the limb may be
sloughed. Usually, both digits of the foot are involved, although occasionally, only
one is affected. Although sloughing of the hooves is the most distinguishing feature
of the disease, Merriman et al. (1962) reported that around Knoxville, Tennessee only
a few cases of fescue foot resulted in inflammation of the skin and sloughing of the
hooves. Even when cases terminated fatally, no atropic changes were foundnear the
legs or hooves. Besides the hooves, the tail and/or ears sometimes are affected and
show gangrenous tissue and sloughing of peripheral portions.Irregular hoof and horn
growth can also occur. Frequently, in Kentucky, the first signs ofgangrenous tissue
are in the tail.
Merriman et al. (1962) mentioned that the weight loss of cattle may bevery
gradual and go unnoticed. Jacobson et al. (1970) reported the only case in whichan
accurate account of the weight of affected cattle was kept. The daily weight change
was recorded for several animals on test plots of orchard grass, smooth bromegrass,
KY-31 fescue, and G1-43 fescue. Two animals on G1-43 fescue, which showed signs
of fescue foot, lost an average of 5 pounds per day. The rough hair coat along with
the loss in weight gave the animals a very unthrifty appearance.
Ashley (1958) noted a good comparison of the condition of the animals and
their ability to resist fescue foot. Three groups of cattle, totaling 321 head,were
turned out into different lots of the same cross fenced pasture. One of the 3groups
was thin at the time the cattle were placed on pasture; of the 171 steers in this group,
18 died and 15 more were affected. Of the 150 steers in the other 2groups, 1526
developed a slight limp, and several lost the switch from thetail.
Watson et al. (1957) placed 119 animals, all coming 2-year-olds,from the best
sources in Virginia, on 3 pastures, 2 of which were mixtures of fescue. Therewere
approximately equal numbers of Shorthorn, AberdeenAngus, and Hereford heifers.
The Aberdeen Angus affected were lame in all 4 feet, but thissign was considered to
be due to laminitis rather than to fescue foot. TheShorthorns and Herefords affected
had signs more comparable with fescue foot. This evidenceis suggestive, but not
conclusive, that Aberdeen Angus aremore resistant to fescue foot that either
Herefords or Shorthorns.
Lactating dairy cows sometimes lose weighton pure stands of fescue, but no
evidence exists to indicate they aremore susceptible to fescue foot than are beef
cattle. Both bulls and cows have been affected by fescuefoot, and this should rule
out sex as being a factor.
Calves develop signs only when theyare forced to graze. The size of the
animal may accelerate the development of clinical signs offescue foot.
A number of reports of fescue toxicitysay that an animal shows a loss of
appetite which would account for rapid drop in weight;however, other reports say
that there was a loss of condition,even though appetite and alertness were normal.
Occasionally, an increased respiration rate is noticed. Merrimanet al. (1962)
also reported loss of heat tolerance and said that the animalsshould have welcomed
the mild summer temperature but instead remained inthe shade as much as possible.
Other variations in fescue foot signs have been reported.However, Pulsford
(1950) noted that affected animals became hidebound andpuffy around the eyes.27
Pulsford (1950) noted no definite evidence of abortion while cattlewere on toxic
pasture in Australia.In almost all recorded cases of fescue foot, only a few animals
out of a herd were visibly affected. However, in several cases, 20 to 30 percent of
the cattle were affected and, in one case, the result was 35 out of 45 head (78
percent).
Although fescue foot occurs in all seasons of the year, a definite seasonal
incidence is evident. Most cases of fescue foot have occurred during cold weather.
Cunningham (1949), Goodman (1952), Watson et al. (1957), and Pulsford (1950) all
reported outbreaks in the winter. Some are in the spring, but very few occur in the
summer or fall.If toxic fescue causes vasoconstriction, it would manifest itself more
easily in cold weather. Fescue is a tall, coarse grass and often sticksup through
snow that would cover other pastures.
Fescue foot is a serious disease that cannot be left alone to run its course.
Ashley (1958) pastured a total of 321 steers on KY-31 in Florida. In 1 group of 171
steers, 18 died of fescue foot and 15 others were affected.If cattle are removed from
pasture as soon as fescue foot is noticed, they usually recover.
Photosensitization may also be a sign of fescue foot. Ashley (1958) described
lesions on the legs of 20 to 25 percent of the animals that died which suggested
photosensitization, and Watson et al. (1956) described lesions that might be due to
photosensitization.
Blood Profiles
Another effect is the change in the blood of the diseased cattle. Two animals28
which came down with the diseasewhile grazing G1-43 fescue showedan increased
white blood cell count anda reduced red blood cell hemoglobin concentration.The
reduced hemoglobinmay account for the increased respiration rate usuallynoticed.
Again, other reports state that bloodprofiles were normal.
Blood Flow and Thermoregulation
One of the most commonly observedsigns of fescue toxicosis is the animal's
apparent inability to dissipate body heat.Affected animals exhibit increased rectal
temperatures, respiration rates and salivation andspend more time under shadeor in
ponds.It would appear that if the animal isuncomfortable due to increased body
temperature, feed intake should decline.Both fescue foot and fescue toxicosisare
believed to be caused in part byvasoconstriction; during the winter theextremities
can not be warmed while during thesummer, excess body heat can not be dissipated.
Rhodes et al., (1991) determined thatblood flow to not only peripheral butcore and
brain tissues was reduced after animalsconsumed endophyte-infected diets. Blood
flow to the rib skin was reduced byapproximately 50 percent.It was also determined
that blood flows returned to normalwithin eight days after removal ofthe infected tall
fescue seed from the diet. Reducedblood flows could contributeto reduced feed
intakes because of the animal's inabilityto dissipate core body heat through sweating
or panting. Aldrich (1990) conducted severalstudies to determine if the steers' ability
to dissipate heat through vaporizationwas altered.Steers housed at 21 C had similar
skin vaporizations regardless ofendophyte ingestion. However, whenheat stress was
added (32 C), steers consuming theE-diet were able to increase skinvaporization29
while steers fed E+ diet were not. When thesteer is placed under environmental
heat stress and consuming endophyte, the body is unableto dissipate heat.
Diseases with Signs Similar to Fescue Foot
Several diseases are similar to fescue foot andcan be confused with it.The
most obvious, of course, is ergot poisoning, which has long been known.Ergot is a
fungus (Claviceps purpurea) which growson the seed heads of many species of
grasses.It ripens at about the same time the seed ripens and is either harvestedwith
the seed or falls to the ground. The ergot sclerotia contain alkaloids,some of which
are known to be toxic to humans and to some domestic animals. Pigsare resistant to
ergot.
Cattle fed ergot from fescue develop lameness in about 11 daysas in fescue
foot, but all 4 feet become sore and tender. The tip of the tail usuallybecomes
necrotic. Post mortem examination showssome liver damage, subcutaneous
hemorrhage in affected limbs and congestion of capillaries in the kidneymedulla.It
takes 100 grams of ergot per day for 10 days to produce these signs incattle.
A chronic form of selenium poisoning, alkali disease, is likewise similarto
fescue foot.Alkali disease is caused by the continuous ingestion of plants containing
5 to 40 ppm of selenium.It is characterized by emaciation, lameness and loss of long
hair. Another characteristic feature isa hoof deformity, which may result in the
sloughing of all 4 hooves. Death usuallycomes because the animal refuses to eat.
Unlike fescue foot, alkali disease affects animals other than cattle.The selenium
content of the hair may aid in distinguishing fescue foot from alkali disease.30
Fescue foot has also been confused with foot rot, frozen feet, mechanical
injuries, and other diseases. The main distinguishing reasons for calling a condition
fescue foot would be that it occurred on fescue pasture with no ergot present and
affected the hind quarters, usually the left hind leg first.
Treatment and Prevention of Fescue Foot
In discussing the signs of fescue foot, Pulsford (1950) mentioned that, when
affected cattle were removed from the pasture before the line of demarcation began to
form between the normal and necrotic tissue, the animals recovered in 7 to 10 days.
This type of recovery has been amply corroborated; there are cases, however, in
which the signs became worse after the animal was removed from the pasture.
Watson et al. (1956) described an outbreak of fescue foot in Virginia. Two
Herefords with the hoof appearing to separate from the legs were treated locally and
given large doses of antibiotics; both recovered. A third heifer failed to recover and
lost both digits of the left hind foot. Other reports, on the contrary, show antibiotics
ineffective against fescue foot.
Management Cure
Since the toxic principle in tall fescue has not been identified, it is hard to say
what the best preventive measures are.Several ideas may be promising. The main
preventive method appears to be good management. A pasture mixture of tall fescue
and a legume appears to give less trouble than pure stands and is more nutritious.
Grazing for a few days at a time is practiced in Australia. Supplemental feeding to31
reduce the percentage of toxic material in the diet will likewise help.
In New Zealand and Australia, cattle were turned out in fescue fora "run off'
period, and it was soon noticed that those cattle which hadaccess to tall fescue the
year around were more resistant to fescue foot than those unaccustomed to thegrass.
Cattle possibly build up a tolerance to fescue aftera time, although animals which
have had fescue foot are certainly not immune to it.
Food From Affected Animals
Some workers feel that the incidence of fescue foot is muchgreater than is
apparent. A number of farmers who have incidence of fescue foot do notreport it
because it would hurt their chances of selling cattle. There isa tendency to not
accept these animals for beef, as there was no certainty that the calves nursingcows
on toxic fescue pastures are not affected.
Research on Naturally Occurring Cases of Fescue Foot
Valuable research has been done on fescue toxicity, butas yet it has not
probed deep enough into the problem touncover the exact mechanism of fescue foot.
Several groups have tried to produce the signs of fescue foot.In fact, the first
publication describing the clinical signs also gave alsoa worthwhile account of a
feeding experiment made on toxic fescue hay.
Cunningham (1949) fed 3 cows ergot-free hay froma pasture of fescue known
to be toxic. One cow developed the signs of fescue foot in 15 days after eating 178
lbs. of hay. The second cow developed lameness after 21 days (300 lbs. ofhay) but32
recovered while still eating the hay, and the thirdcow, after 1 month's feeding (400
lbs. of hay) showed no clinical signs at all. There have been othercases in which
cattle showing clinical signs of fescue foot recovered while stillon the same pasture.
Jensen et al. (1956) placed 7 cattle on a pasture whichwas predominantly
fescue, and 5 of the 7 showed lameness in 50 to 70 days. Theywere also able to
produce lameness in cattle by feeding fescue hay froma toxic pasture.In one
experiment, 3 animals were used as controls and fed mountaingrass hay. The 3
controls were unaffected, while the 2 animals fed tall fescue hay became lame in22
to 42 days. Merriman et al. (1962) also conducted several experimentson fescue
toxicity with cattle. They found that toxicitywas retained in the hay.
The Northern Regional Research Laboratory (UN) of the United States
Department of Agriculture and certain southern agricultural experiment stationsare
cooperating in a research project to determine the toxic principle in fescue. In the
winter of 1958-1959, UN prepared an alcoholic extract ofsome toxic G1-43 fescue
hay furnished by the Kentucky Agricultural Experiment Station (Ky-AES) andsent the
extract back to Ky-AES for bio-assay. The Ky-AES fed this extract toa heifer, and it
initiated the typical clinical signs of fescue foot. Thiswas the first time that a
chemically prepared extract of fescue hay proved toxic.
There have been very few post mortem findings in cattle affected with fescue
foot, but the few are significant. Jensen et al. (1956) did postmortem research on
cattle that had become lame while eating fescue hay. A dissection of the vascular
system of an affected foot showed thrombosis of the arteries.It was concluded that
the toxic principle causes a vasoconstriction in the extremities which resultsin33
thrombosis. The obstruction of the blood flow, helped by low environmental
temperatures, brings on gangrene. Cunningham (1949) shared this belief, although
they had no direct evidence of vasoconstriction.
One of the main difficulties in characterizing the toxic principle in fescue is
the lack of a small animal assay or model. A cow consumes from 15 to 30 lbs. of
hay per day; about 300 lbs. of hay (7 to 10 bales) would have to be extracted to get
enough extract to feed one cow for 2 weeks. On the other hand, the extract froma
few pounds of hay might serve well for rats, rabbits or other laboratory animals.
Cunningham (1949) as well as Merriman et al. (1962) failed to get anyresponse from
laboratory animals.
Ball et al. (1993) conducted experiments with fescue on laboratory animals.
He obtained negative result in giving fresh forage to chicks, feeding the pressed juice
to chicks and rats and injecting extracts from toxic pastures to rats and chicks.
However, when fescue (whole seed) fortified with protein, minerals and vitamins was
compared with a fortified rye grass seed diet and stock ration for rats, the gainson
the fescue ration were extremely low. Autoclaving the fescue seed produceda three
and half fold increase in gains, but these were still far below gains on the other
rations. This growth inhibitor in the fescue ration could also be partially destroyed
with dilute NaOH or HCL. Rat growth was not retarded by feeding the fescue seed
ash, protein or the residue after protein extraction.
It was concluded that there were alkaloids similar to ergot in fescue by the
following qualitative test (Maag, 1956):
1. Ether acidified with tartaric acid was used to extract the hay. The etherwas34
extracted with aqueous sodium carbonate. After several days, the color of the
basic solution changed from orange to rose to violet.Sclerotia of ergot of rye
treated in the same manner gave a rose colored extract.
2. Ether made alkaline with ammonium hydroxide was used to prepare another
hay extract. The alkaline ether extract was acidified with tartaric acid and
evaporated to dryness. The solids were taken up in water and extracted into
ether; the ether extracts were washed, and the alkaloids extracted into tartaric
acid solution. This solution gave a light blue color with p-dimethylamino-
benzaldehyde. A fluid extract of ergot, treated in the same manner to givea
tartaric acid extract, gave a deep blue.
3. Extracts from 1 and 2 were examined spectrophotometrically in the ultraviolet
range. The grass extracts gave absorption maxima and minima similar to the
ergot extracts.
Trethewie et al. (1954) on the other hand, carried out pharmacological studies
on extracts from fescue grass taken from a farm where fescue foot occurred and
found no ergot-like derivatives. Their conclusions were based on the following tests
on an acid saline extract of finely ground grass:
1. Intravenous administration of extracts from fescue and ryegrass both caused a
rise in the blood pressure of the anaesthetized cat. With ryegrass, therewas
an immediate increase and with both fescue and ryegrass, a delayed increase.
The response to adrenaline subsequent to the injection of grass extractwas not
consistent with ergot derivatives.
2. Both fescue and ryegrass produce contraction of the uterus in the cat.35
Ryegrass produces an initial relaxation, then contraction.Reaction to
adrenaline following the injection of grass extractwas not consistent with ergot
derivatives.
3. The response of the cat without adrenal glands to extracts of fescueand
ryegrass was negligible. Ryegrass had a slight pressor effect due probably to
an adrenaline-like substance. The main pressor effect, though, was secondary,
due to liberation of adrenaline and probably noradrenaline. In these
experiments, no ergot-like materials were found in tall fescue, buta potent
vasopressor principle was detected. Ryegrass had this activity also to a greater
degree.
Perloline is one of the alkaloids present in fescue.It has been extensively
studied, but as yet its structure is not known.Perloline has an empirical formula of
C40H307N4H20, is optically inactive and forms the usual salts. The free base is
crystalline, pale yellow, melts at 83.4 C, and in both ethanol and chloroformhas a
greenish fluorescence that can be detected at 1 part in 5 million in ordinarylight.
Some of the decomposition products of this alkaloid givea positive test for indoles.
This reaction might account for the positive p-dimethylamino benzaldehydetest
obtained by Maag, et al. (1956).
Perloline is toxic to paramecia and to mice, rabbits and sheep, when injected
intravenously or intraperitoneally. Cunningham (1949)was not able to show any
cumulative effect of perloline, probably because destruction of perloline in thebody
of mice and sheep is rapid. The main destructive sitewas thought to be the liver.
Toxic signs were not similar to those ofany known disease, and there were no post36
mortem findings. Perloline was shown to be a photosensitizing agent, but the effects
were very mild. Most likely it will never occur in high enough concentrations to
affect grazing animals, but the effects may be different in cattle than in sheep or
mice. The amount of the alkaloid present in fescue is in the order of a few
hundredths of a percent.
Paper chromatography has revealed a number of other alkaloids present in
fescue, although none of these alkaloids were characterized in the aforementioned
studies.
Effects of Fescue Toxicosis on Reproduction in Livestock
Animal productivity is reduced in livestock grazing on fungal (Acremonium
coenophialum) (Morgan-Jones and Gams, 1982) infected tall fescue (Festuca
arundinacea Schreb.) (Bacon et al., 1977; Hove land et al., 1983; Stuedemann and
Hove land, 1988). One of the most dire consequences that A. coenophialum-infected
tall fescue has on animal productivity is reduced reproductive efficiency and weight
gains (Hove land, 1993). A. coenophialum is a seed-borne, intercellular, systemic
endophyte that resides within the leaf, sheaths, and flower culms of the grass host.
The agronomic, endophyte-host relationship and biology have been reviewed (Bacon
and Siegel, 1988; Bacon and DeBattists, 1991). This review considers the effects of
A. coenophialum (i.e., endophyte) infected tall fescue on reproduction in cattle,
sheep, and horses.
Reduced reproductive efficiency in cattle grazed on endophyte-infected fescue
is part of a syndrome often referred to as fescue summer toxicosis or summer slump,37
described above. Because signs are exacerbated by elevated environmental
temperatures, the syndrome is more obvious during the summer. Cattle on
endophyte-infected tall fescue are hyperthermic with reduced feed intake, average
daily gain (ADG), milk yield, and circulating prolactin (PRL) (Hemken et al.,1979;
Daniels et al., 1984; Hemken et al., 1984; Boling, 1985; Thompson et al., 1987).
Affected cattle are further characterized by reduced serum cholesterol (Bond et al.,
1984; Stuedemann and Hove land, 1988) and melatonin (MEL) (Porter et al., 1990).
Other signs of fescue toxicosis in cattle are rough hair coats (winter coat retention
during the summer months) and decreased tolerance to elevated environmental
temperatures and light with increased respiration rates (Stuedemann and Hove land,
1988).
Sheep on infected fescue have reduced reproductive efficiency, circulating
PRL, cholesterol (Bond et al., 1988), and milk production (Stilham et al., 1982);
however, they are not as severely affected by the endophyte as cattle are. Ewes have
lowered fertility but normal feed intake and growth rate (Bond et al., 1981, 1982).
Brood mares on infected fescue exhibit prolonged gestation, dystocia, retained and
thickened placentas, and agalactia (Taylor et al., 1985; Monroe et al., 1988). Foals
delivered from mares on infected fescue are dysmature and weak and frequently are
stillborn. The endophyte reduces circulating progesterone and PRL in mares (Monroe
et al., 1988).
Steers on endophyte-infected fescue frequently have increased basal body
temperatures (Hemken et al., 1981; Boling, 1985). Ergot peptide alkaloid-induced
hyperthermia in laboratory animals has been described (Berde and Schild, 1978).38
Porter et al. (1990) reported that steers on endophyte infected fescue have increased
pituitary gland 3,4-dihdroxyphenyl-acetic acid (DOPAC) and 5-hydroxyindoleacetic
acid (a metabolite of serotonin). Increased body temperature may increase the
turnover of pituitary dopamine (DA) and serotonin, which results in increased
DOPAC and 5-hydroxyindoleacetic acid, respectively. Increased turnover without
increased synthesis, over time, would lead to reduced DA, serotonin, and their
metabolites. Thus, impaired metabolism of neurotransmitters responsible for
regulation of PRL secretion may be secondary to actual mechanisms of reduced
reproductive efficiency.
Bolt et al. (1982) reported that plasma PRL was reduced rapidly in ewes on
endophyte-infected fescue versus orchard grass. The reduction was not associated
with altered pituitary gland PRL and therefore, involved impaired secretion rather
than synthesis.In addition, no differences were observed in either plasma or pituitary
luteinizing hormone (LH), follicle stimulating hormone (FSH), growth hormone
(GH), and thyroid stimulating hormone (TSH). Circulating PRL concentrations vary
according to the photoperiod and are greatest during periods of light and least during
periods of darkness (Tucker et al., 1984; Critser et al., 1988). Another
neurohormone whose secretion is related to photoperiod is MEL from the pineal
gland. In contrast to PRL, circulating concentrations of MEL are greatest during
periods of darkness and least during periods of light (Cardinali, 1983). Synthesis of
MEL and secretion from the pineal gland (Ebadi, 1984) are dependent on the
light/darkness norepinephrine-catalyzed activation of serotonin-acetyltransferase,
which converts serotonin to N-acetylserotonin, the precursor of MEL (Chan and39
Ebadi, 1980; Cardinali, 1983; Ebadi, 1984).
In addition to increased pituitary DOPAC and 5-hydroxyindoleacetic acid,
Porter et al. (1990) have reported increased pineal 5-hydroxytryptophan (a precursor
of serotonin) in steers on endophyte-infected fescue. These results suggested an
endophyte-related dysfunction with serotonergic metabolism in the pineal glandas
well as dopaminergic and serotonergic metabolism in the pituitary.In related studies,
steers with fescue summer toxicoses had reduced plasma MEL (Porter et al., 1990).
Absolute diurnal and nocturnal MEL were reduced by the endophyte, but a nocturnal
rise in MEL occurred with no differences in diurnal pineal norepinephrine or DA
(Porter et al., 1990).
Impaired secretion of MEL and PRL may compromise the animals'
physiological adaptation to seasonal changes and adversely affect reproduction. There
is extensive evidence that the seasonal cycles of feed intake, reproduction, and coat
growth in red deer are under photoperiodic control and these are mediated through
changes in MEL (Webster and Barrell, 1985; Curlewis et al., 1988). Administration
of MEL advanced the breeding season in deer and sheep (Webster and Barrell, 1985).
Red deer treated in the spring with bromocryptine had a delayed seasonal rise in
plasma PRL, reduced feed intake, and delayed coat growth (both summer and winter).
Studies of mink have illustrated that the effects on coat are probably mediated
through changes in PRL secretion; the decrease in PRL secretion that occurs aftera
MEL implant or exposure to short days is associated with the growth of the winter
coat. Administration of PRL to these animals leads to moulting and development of
the summer coat (Al lain et al., 1981). In cattle on infected fescue, long hair coat40
during summer (possibly because of an imbalance in PRL and MEL) which may
contribute to decreased heat tolerance by elevated internal PRL. Elevated internal
PRL influences pituitary gonadotropin release and growth of male accessory
reproductive glands (Bartke, 1980).
Bromocryptine decreased PRL and delayed testicular growth in rams (Barenton
and Pelletier, 1980). However, Alamer and Erickson (1990) reported that the
endophyte reduced gonadotropin-releasing hormone-stimulated testosterone secretion
and also testicular Sertoli cells in 3-month-old beef bulls. Reduced Sertoli cells also
were observed in 8 and 12-month-old bulls.In this way, the endophyte infected grass
may permanently impair testicular function.
Tucker and Ringer (1982) reviewed the importance of increased photoperiod to
feed intake, growth, and milk production in cattle. The anabolic effects of increased
photoperiod in cattle are gonadally dependent, whereas in sheep they are not (Tucker
et al., 1984). The relationship between MEL, reproduction, and pelage quality is
especially prevalent in photoperiodic breeders such as sheep; the relationship in
nonphotoperiodic breeders such as cattle is not defined (Tucker et al., 1984).It is
unknown whether MEL is affected by the endophyte in livestock other than cattle.
Puberty
Puberty, as determined by the first sustained increase in serum progesterone,
was delayed in Angus heifers raised on endophyte-infected fescue (Porter and
Thompson, 1992). Progesterone values indicated that 0 versus 32 percent (1st year),
26 versus 53 percent (2nd year) and 5 versus 26 percent (3rd year) of the heifers41
reached puberty (high versus low endophyte, respectively) before the breeding season
at 15 months of age. Although beef heifers placed on endophyte-infected pastures at
or near puberty had reduced ADG and plasma PRL, neither a delay in ovarian
cyclicity nor a cessation of the estrous cycle occurred (Bond and Bolt, 1986).
Nevertheless, the long-term negative effects of the endophyte on calves from heifers
grazed on infected fescue during gestation are unknown.
Milk Production
Prolactin is important in mammary gland differentiation necessary for
biochemical mechanisms involved in milk synthesis (Ackers et al., 1981).
Periparturient secretion of PRL is essential for maximal synthesis of milk postpartum.
However, decreased serum PRL in lactating cows does not result in decreased milk
production (Wanner et al., 1983). Toxic fescue compared to wheat resulted in a 59
percent reduction in daily milk production in ewes (Stidham et al., 1982). Daily milk
production was decreased by 1.05 kg for each 10 percent increase in fungal infection.
Hemken et al. (1979) reported that lactating dairy cows had decreased milk
production and feed intake as a result of toxic fescue (an experimental fescue-ryegrass
hybrid, G1-307, shown to be highly infected with the endophyte (Bacon et al., 1977;
Bond et al., 1984).
Horses
The information available on horses suggests that they are the only animals
whose reactions to endophyte-infected tall fescue are almost exclusively related to42
poor reproduction. They are, therefore, reviewed as a separate category. A survey
of Kentucky horse farms indicated that 40 percent of the mares on endophyte-infected
fescue (72 percent endophyte infection) had reproductive abnormalities (Barnett,
1985). In Missouri, a similar survey indicated that 26.8 percent of the farms with
fescue had reproductive problems compared with 11.5 percent for other forage
systems (Garrett, 1980). Agalactia was the most prevalent (53 percent), followed by
prolonged gestation (38 percent), abortion (18 percent), and thickened placentas (9
percent). Foal losses were 16 percent for fescue vs. 5.7 percent for other forages.
Furthermore, reduced circulating. PRL and progesterone occur in mareson toxic
fescue (Monroe et al., 1988; McCann et al., 1992).In a study involving 11 mares
per group on infected and uninfected fescue (Putnam et al., 1990), 10 of 11 mares on
infected fescue had severe dystocia, lacked udder development, and were agalactic.
Similarly, gestation length was increased 20 days by the endophyte, resulting in
increased foal and placental weights. Foals were described as dysmature with
overgrown hooves, poor and irregular incisor eruption, long hair coat, and large,
poorly muscled, skeletal frames. In this study, seven foals died during parturition;
three foals were alive at birth but only one survived the natal period.Placental
abnormalities included edema, fibrosis, and mucoid degeneration. Therefore, the
endophyte has more dire consequences in the pregnant mare than in sheepor cattle.
Taylor et al. (1985) reported similar reproductive abnormalities (i.e.,
agalactia, foal mortality) in mares on endophyte-infected fescue.Lactation failure in
the mares did not respond to selenium supplementation in the diet,nor was there a
correlation with pasture nitrogen fertilization and the reproductive problems. Putnam43
et al. (1990) reported that short-term removal of pregnant mares from endophyte-
infected fescue at day 300 of gestation reduced the toxic effects of the endophyte
(i.e., gestation length, chorion weight, dystocia rate).Litter development improved
to levels comparable to those of mares grazing on endophyte-free fescue. Thus,
removal of pregnant mares from infected fescue by d 300 of gestation virtually
eliminated toxicity in the mare. However, foals from these animals seemed
subnormal in learning (Putnam, 1990).
Fertility
Ewes on endophyte-infected fescue exhibited delayed conception after
introduction of the ram, but neither body weight gains, gestation length, average
number of lambs born, lamb birth weight, lamb survival, nor gain to weaning was
affected by the endophyte (Bond et al., 1988). Delayed conception was attributed to
embryonic mortality and(or) to a delayed onset of estrus rather than to fertilization
failure in the ewes on infected fescue (Bond et al., 1982, 1988).
Reduced calving rates have been attributed to endophyte-infected fescue. Only
33 percent of the primiparous cows grazing the highly infected pastures were
successfully rebred versus 93 percent on the low-endophyte pastures.Conception
rates decreased 3.5 percent for each 10 percent increase in fungal infection.In a
related study, 2-year-old heifers exposed to bulls beginning on day 31 after grazing
either endophyte-infected or uninfected fescue had 80 and 90 percent calving rates,
respectively, with a 15 percent decrease in calving weights (Beers and Piper, 1987).
Gay et al. (1988) reported, in a 3-year study, that calving rates were 94.6 and 55.444
percent for cows grazing uninfected and infected fescue, respectively.
Recently, mechanisms for decreased calving rates have been investigated.
Christopher et al. (1990) reported that ovariectomized beef heifers grazing infected
versus uninfected fescue for 60 days had decreased circulating PRL and growth
hormone (GH) secretory profiles (mean, maximum, and pulse amplitude). Basal PRL
was decreased but basal GH and all LH parameters were unaffected. In normal,
cyclic heifers given prostaglandins (PGF2) after 56 days of grazing endophyte-infected
fescue, corpus luteum (CL) weights and progesterone on day 13 (after treatment) were
unaffected (Ahmed et al., 1990). However, the CL from heifers on infected fescue
had fewer nuclei and a greater number of large luteal cells with increased diameter.
Ultrastructure examination of these large luteal cells revealed increased cellularity
with greater number of mitochondria, lipid droplets, and secretory granules. Of the
animals with CL observed by ultrasound echography, 62 percent were accompanied
by reduced circulating progesterone. This effect was not due to decreased ADG and
was prevented by high-energy, supplemental diets. These studies suggest that the
endophyte effects on the CL may limit an animal's ability to maintain pregnancy.
Zavos et al. (1989), using CD-1 mice as a model for fescue toxicosis,
described lowered fertility in pairs fed toxic fescue seed. The female mouse was
more sensitive than the male to the negative effects of endophyte. These negative
effects were greater when both sexes were fed the endophyte infected fescue seed.In
male rats, a diet of infected fescue seed (50 percent) decreased daily sperm
production, testicular parenchyma weight, and epididymal weight (Zavos et al.,
1986). In males, there was mortality associated with endophyte-infected fescue.45
Mechanisms of Toxicity of Tall Fescue
The ergot peptide alkaloids in tall fescue have vasoconstrictive effects (Berde
and Schild, 1978). Rhodes et al. (1991), using radiolabeled microspheres and
controlled environments (32 C, 60 percent humidity), reported that in wethers and
steers, endophyte-infected fescue reduced blood flow to peripheral and core body
tissues. Flow restriction was improved in wethers by administration of the dopamine
antagonist metoclopramide (Rhodes et al., 1991). In steers, blood flow was reduced
to the rib skin, duodenum, colon, and cerebellum (Rhodes et al., 1991). Savary et al.
(1990) described the detection of ergovaline in sera of cattle with signs of fescue
toxicosis, and Oliver et al. (1990) reported the vasoconstrictive effects of N-
acetylloline in the bovine lateral saphenous vein. These studies support possible
additive effects between N-acetylloline and ergovaline and the notion that reduced
blood flow to internal organs could compromise reproduction through hypoxia.
Concentrations of ergovaline increase in tall fescue during spring and early
autumn (Belesky et al., 1988). This coincides with the growing season for fescue and
times critical for reproductive events in livestock.In addition to their dopaminergic,
antiserotonergic, and vasoconstrictive effects, the ergot alkaloids are able to stimulate
contraction of the gravid uterus and are responsible for spontaneous abortions (Berde
and Schild, 1978). The ergot alkaloids also inhibit implantation and have
embryotoxic effects (Berde and Schild, 1978).
Lactation may be decreased by either reduced feed intake or the ergot peptide
alkaloid's inhibitory effects on PRL secretion before parturition. The vasoactivity of
these compounds (and possibly of N-acetylloline, according to Oliver et al., 1990)46
may reduce blood flow to internal organs and thus cause hypoxia and thickened
placentas in pregnant mares (Poppenga et al., 1984). For both seasonaland
nonseasonal breeders, normal hormonal synchronization with the changingseason is
critical for growth, maturation, and reproductive efficiency.Therefore, imbalances in
PRL and MEL along with restricted blood flow to internalorgans and hyperthermia
may be the principal effects on reproduction, growth, and maturation in livestockon
endophyte-infected fescue.
Implications
The greatest economic impact of endophyte-infected tall fescueon animal
productivity is reduced reproductive efficiency and weaning weights(Hove land,
1993). Unknown effects of the endophyte in livestock include ovariangamete
maturation, ovulation, gamete transport and fertilization,conceptus transport, and/or
embryo attachment. The complete effectson postpartum anestrus are unknown. We
do not know the detailed effects of endophyte-infected fescueon the male with regard
to sperm production and motility, libido, and testicular development in all animals
(i.e., in the ram and stallion) (for effectson the bull, see Alamer and Erickson,
1990).
Major reproductive problems in cattle, sheep, and horses have beenrelated to
endophyte-infected fescue. The fungus produces ergot peptide alkaloidsthat are
considered the major toxic agents. Understanding the mechanismsresponsible for
reduced pregnancy and calving rates, reduced milk production, anddelayed puberty in
cows as a result of the endophyte would lead to prevention of these problems.47
Embryonic mortality in sheep and dystocia, thickened placentas, and stillborn foals
from mares due to endophyte-infected fescue may be prevented by treating animals
with compounds that inhibit the activity of these alkaloids. Future research is needed
on endophyte-infected fescue toxicity to prevent the economic losses due to poor
reproductive efficiency in livestock.
Summary of Research on Tall Fescue
After the probable role of A. coenophialum in tall fescue toxicosis was
recognized, research efforts were intensified. The research program on tall fescue
toxicosis developed strongly in an integrated, multidisciplinary manner that during the
1980's and to the present have made a substantial contribution to knowledge of the
problem and looked into possible solutions. As a consequence of these efforts, many
questions were posed and answered. Tall fescue research around the world over is
summarized under the following areas of major research objectives.
Tall Fescue Problem Research--Major Research Objective 1
a) Isolate and identify toxin(s) from the tall fescue-A. coenophialum association
and determine their biological activity in domesticated animals; and
b) acquire purified potentially toxic compounds, particularly ergovaline and, N-
acetyl loline, N-formyl loline, and perloline, and determine their bioefficiency
in domesticated animals.48
Tall Fescue Problem Research--Major Research Objective 2
a) Characterize factors limiting the establishment and persistence of E- tall
fescue.
b) Develop management practices for endophyte-free tall fescue that will favor
stand establishment and the persistence, and maximize forage and animal
production and economic returns.
c) Quantify and compare plant growth and persistence, and animal performance
of both endophyte-free tall fescue and tall fescue-infected at known levels with
specific endophyte-tall fescue genotypes under a variety of environments.
Fescue Problem Research--Major Research Objective 3
a) Determine the biochemical and physiological mechanisms involved in tall
fescue toxicosis;
identify genetic variation in animals for tolerance to the effects of tall fescue
endophyte; and
test drugs that may be used to alleviate biological systems adversely affected
during toxicosis.
Fescue Problem Research--Major Research Objective 4
Identify and genetically manipulate tall fescue and endophytic fungi to result in
more stress-resistant cultivars.49
Management
Lacefield (1987) suggested that there are at least 4 noninvasive methodsto
assist livestock producers in coping with the endophyte in tall fescue:
Manage to minimize the effects
Avoid the endophyte
Dilute the endophyte effect
Convert from infected tall fescue to endophyte-free varieties
Removal of cattle from endophyte-infected pastures during periods of
environmental stress, maintenance wit other species ofgrasses in the sward, diluting
endophyte consumption with energy supplements, and interseeding legumesinto
infected stands are methods which can maintain desired levels of productivity.
Increasing grazing pressure on the plant early in the spring willprevent seedhead
formation and ingestion. The seedheads can have almost 5 times the level of
ergovaline that the leaf has. Grazing systems utilizing both tall fescue andeither
warm season annuals or warm season grasses have the potential to reduce the impact
of toxicosis.
A more costly approach to dealing with the problem will be conversionto
endophyte-free varieties.Strategies to economically renovate pastures have been
described by Fribourg et al. (1988). Briefly, the infected stands should besprayed
with chemicals in late spring to kill thegrass, seeded to a grain crop or summer
annual for grazing, and then replanted in the fall toan endophyte-free variety. Once
pastures have been converted to endophyte-free tall fescue, do not feed infected hay
on these pastures.50
New and Improved Varieties
Tall fescue had some popularity late in the 19th Century, but thiswas
shortlived. Not until the release many years late of 2 varieties, Alta and KY-31,was
this grass again popular.
Agronomists have recognized the good qualities of tall fescue fora long time,
and many of them have realized that it has shortcomings. A breedingprogram to
improve palatability and nutritional quality of grass is inprogress. Grazing by cattle
is used to evaluate selections within tall fescue as well as in hybrids of thisgrass and
rye grassEarly in the program, one naturalized variety (G1-43), whichwas
consistently grazed better than other plots, was compared to KY-31. The animals did
not perform well on G1-43 and developed signs of fescue foot. By testing animal
performance, the release of this unsafe variety was avoided.
The Future
From a more futuristic approach, it appears logical that if certain receptors in
the body can be manipulated to block the negative effects of the toxin(s), then there is
the possibility that a pharmacological approach in the form ofan implant could be
utilized to improve beef cattle production efficiency.
Tall Fescue Toxicosis: Could there be a public health problem here?
The effects of ergot poisoning on humans, e.g., gangrenous and convulsive
signs have been recognized since antiquity. Early descriptions of ergotism included
gangrene of the extremities with a painful burning sensation known as "St. Anthony's51
fire." Contamination of food grains by Claviceps was proven to be the cause. Toxic
overdose of prescribed ergot medication for migraine headaches is recorded. Signs
are attributed to peripheral vasoconstriction. Return to normal perfusion occurred
after discontinuance of medication.
The presence of ergot alkaloids in animals grazed on endophyte infected fescue
has not been investigated. An early report, dealing with ergot alkaloids from sclerotia
of Claviceps parasitic on tall fescue showed that cows fed sufficient sclerotia
developed signs of ergotism but did not have detectable alkaloids in the milk or body
tissues. However, this was prior to the advent and development of tandem mass
spectroscopy analyses and negative chemical ionization mass spectrometry which can
detect ergot alkaloids at very low concentration. Thus, the possibility still exists that
these compounds are present in blood and tissues of animals consuming ergot
alkaloids. Although rats fed mild and tissues for up to 10 weeks from the above
animals showed no adverse effects, long term ingestion of these compounds from
contaminated meat, milk, and/or other dairy products could pose a significant public
health concern. Therefore, in order to answer the question regarding the public
health significance of tall fescue toxicosis, blood and tissues from cattle should be
examined for ergot alkaloids at intervals while grazing and after removal from
endophyte infected tall fescue.In this regard, it should be recognized that important
interactions between compounds may result in increased toxicity.
Ergovaline, the compound under current suspicion of being the causative
agent, belongs to a class of ergo-alkaloids which has minor bioavailability
(absorption) with excretion mainly in the bile. Humans given ergotamine (another52
ergopeptide alkaloid) therapeutically at 1 or 2 mg had a maximum plasma
concentration of 1.5 ng/ml. A 350 kg steer grazing on E+ fescue ingesting 10 mg
ergovaline daily may result in detectable plasma levels. While we have no
information on the half-life of ergovaline, we do know that the plasma half-life of
ergotamine, a related alkaloid, in man was 21 hours. Since cattle grazing tall fescue
are generally given a grain based ration 90 to 150 days before slaughter, circulating
ergopeptide concentration should be negligible. However, the information presently
available makes it impossible to predict the amount, if present, in tissue.
Ergovaline is a potent ergopeptide alkaloid (mouse LD50 intravenous for
ergotamine was 256 mg/kg, and for ergovaline 175 mg/kg). Rhesus monkeys given
ergotamine tartrate as a single intravenous dose reportedly tolerated up to 1 mg/kg
without marked adverse effects.In regards to transplacental passage, administration
of ergotamine tartrate to rats revealed that the drug was concentrated in the uterine
compartment (uteri and fetuses). More importantly, a single dose of ergotamine (10
mg/kg per os) given to rats between days 4 and 19 of gestation resulted in both an
embryotoxic effect and in anomalies (cleft palate and limb defects). Therefore,
pregnant women may be at greater risk following ergot exposure than the population
in general.
Chronic ingestion of ergot is perhaps more pertinent to this review. In this
regard rats fed crude ergot (1 to 5 percent of the diet) for up 2 years exhibited a dose
related incidence of ear neurofibromas. While obliterative vascular disease generally
is associated with chronic toxicity, this was not observed due to the low dosage.
In summary, causative agent(s) for fescue toxicosis have not been exactly53
determined, but current evidence implicates the ergopeptide alkaloids. Given the
known adverse effects of the ergot alkaloids biologically, any significant tissue
concentration should regarded as a concern for public health. Until the
pharmacokinetics of these compounds in cattle and possible tissue residuesare
investigated, we will not know the public health significance of fescue toxicosis.
Perennial Ryegrass
In New Zealand, where perennial ryegrass is grown on 7 million hectares of
pasture, sheep often develop a condition called perennial ryegrass staggers. The
syndrome most frequently develops in the animals grazing perennial ryegrass that has
been intensively grazed during late summer or fall.
Areas Reporting Perennial Ryegrass Staggers
The first report of perennial ryegrass staggers and its widespread incidence on
the northern coastal region of California, and the first identification of the endophyte
and lolitrem B from ryegrass in the United States was made in 1991 (Galey et al.,
1991).The cases were investigated in depth to characterize perennial ryegrass
staggers in this region in relation to the syndrome that has been studied in New
Zealand and Australia. An attempt was made to correlate the level of lolitrem B for
the pasture with the threshold level of1680ppb that has been reported by Gallagher
(1984)in New Zealand. The lolitrem B concentration for the pasture of one herdwas
greater that than the1680ppb threshold level that has been associated with perennial
ryegrass staggers in New Zealand and Australia. This was the first attempt to54
quantitate the level of lolitrem B at which clinical disease is induced in the United
States.
Perennial ryegrass (Lo lium perenne) staggers has been reported in sheep, cattle
horses, and farmed deer from Australia, New Zealand, and North America (Hunt et
al., 1983; Smith, 1987).Clinical staggers appears within 7 to 14 days of continuous
exposure to endophyte infected perennial ryegrass (Byford, 1979).If there is no
intervention, the incidence in herd varies between 5 and 75 percent (most commonly,
the incidence is in the range of 10 to 20 percent). Harvey (1982) reported the
presence of lolitrem neurotoxins in perennial ryegrass seed. The role of fungal
tremorgens in association to ryegrass staggers was first reported by Gallagher et al.
(1978).
Etiology of Perennial Ryegrass Staggers
Nature and Mode of Action of Toxins
A. lolii, the endophyte of PRG (L. perenne), had been associated with
production of two main toxins, lolitrem B and peramine, which are principally
responsible for PRG staggers and induction of resistance to Argentine stem weevil (L.
bonariensis), respectively (Ball et al., 1993). Stewart (1985) explained these
phenomena when he found that infected seed in which the endophyte was no longer
viable, developed into seedling resistance to Argentine stem weevil.It is assumed
that this resistance is due to the translocation of peramine from the seed into the
developing plant.In addition, the importance of seed-stored peramine and that55
produced by the developing endophyte remained unknown. This was also the case
with lolitrem B.Ball, et al. (1993) first examined the dynamics and significance of
seed-stored and endophyte-produced peramine and lolitrem B in developing PRG
plants. Using seed infected with viable endophyte, they found that, from an initial
concentration of 47;000 ppb in seed, the mean peramine concentration declined in the
seed residue to less than 10,000 ppb by day 24. This contrasts with lolitrem B the
concentration of which rose sharply from 29,000 ppb in the seed to 60,000 ppb in the
seed residue by day 24.
The principal causative agent of perennial ryegrass staggers is believed to be
the tremorgenic (neurotoxic) mycotoxin lolitrem B. Lolitrem B is a secondary
metabolite of the ryegrass endophyte A. lolii (Gallagher et al., 1984).It is believed
to be the end product of the indole diterpenoid pathway in which paxilline, also a
tremorgen, is a key intermediate (Weedon and Mantle, 1987).
Paxilline was among the mycotoxins considered as possible causes of
ryegrass staggers before the disorder was linked with endophyte and lolitrem B
(Gallagher et al., 1978).It has been recently isolated from several endophytes in
cultures, including the endophyte which does not produce lolitrem B in association
with its host ryegrass, 187 BB Strain (Penn et al., 1993). Fletcher (1992) reported
incidence of ryegrass staggers in lambs grazing ryegrass/endophyte associations free
of or with low levels of lolitrem B, but with significant levels of the tremorgenic
mycotoxin, paxilline. Wide variation in cultural, morphological and physiological
characteristics including the production of alkaloids in vivo exists among Acremonium
isolates from L. perenne and F. arundinacea (Christensen et al., 1993).56
In New Zealand, the disorder typically occurs in summer-autumn conditions
when stock closely graze ryegrass-dominant pastures containing A. lolii and significant
amount of dead and senescing plant material (Keogh, 1978). Close grazing is
implicated as a causing factor because A. lolii and lolitrem B are concentrated in the
leaf sheath in vegetative plant tissue, with negligible amounts in the leaf, (Gallagher
et al., 1987). Increased incidence and severity of perennial ryegrass has also been
noted in sheep grazing ryegrass sprayed with the fungicide benomyl (in an attempt to
kill the fungus Pithomyus chartarum Berk and Curt., which causes facial eczema in
grazing stock) (Keogh, 1978). Nitrogen fertilizer has also been implicated in
increasing perennial ryegrass staggers (Keogh, 1978). Miles et al. (1993) have
developed an efficient method for isolating large quantities of lolitrem B from A. lolii-
infected ryegrass seed. Since little was known about the structures of the minor
lolitrems and their possible contributions to the disease syndrome. Fractions rich in
minor lolitrems obtained during the purification of lolitrem B were set aside. From
these fractions, pure samples of lolitrem A, D, E, and F were isolated. The
structures of these compounds now provide useful information about biosynthetic
pathways.
Peramine is a pyrrolopyrazine alkaloid produced by A. lolii,a fungal
endophyte of perennial ryegrass (L. perenne). The alkaloid deterred feeding by both
adults and larvae of Argentine stem weevil at 100 and 10000 ppb respectively.In a
no-choice test, fewer larvae fed and developed on diets containing 2000, 10,000 and
25,000 ppb peramine (16.0, 16.7, and 20 percent mortality respectively) than on
untreated (7.4 percent mortality). The proportion of larvae which did not develop57
beyond the first instar was higher on a diet containing peramine, apparently due to a
higher larvae which did not feed. For the larvae which fed on the peramine-
containing diet, feeding scores and times to pupation were not significantly different
from those of controls. A number of simple peramine analogues showed feeding-
deterrent activity against adults, indicating the importance of the pyrrolopyrazine ring
system in determining deterrent activity.
The strain of endophytes in the plant can determine the presence and quality of
the alkaloids, lolitrem B, peramine, and ergovaline produced (Christensen, 1993).
The exact mechanism by which the neurotoxic mycotoxin diterpenoid lolitrem B exert
its action is unknown. The reversible nature of the tremorgenic syndrome is
consistent with the production of a reversible biochemical lesion affecting
neurotransmission (Gallagher, 1982).
The highly lipophilic, neutral properties of the lolitrems together with their
medium molecular weight range are consistent with the hypothesis (Gallagher, 1985)
that the toxins (and/or their active metabolites) are capable of gaining access to the
central nervous system where they exert their primary effects. The possession of an
indole nucleus by the neurotoxins is believed to be an important feature contributing
to their unique neurotoxicology.
Signs of Perennial Ryegrass Staggers
The exact mechanism of action is not fully understood. The effect of the
toxin appears to be primarily biochemical and is reversible.In spite of the marked
neurologic signs associated with perennial ryegrass staggers, pathologic changesare58
rare in the central nervous system.
Disease Conditions Similar to Perennial Ryegrass Staggers
It is important to make a distinction between other neurotoxic conditions that
may be confused with perennial ryegrass (PRG) staggers and annual ryegrass (ARG)
staggers. PRG staggers is associated with infection of perennial ryegrass (L. perenne)
with the endophytic fungus A. lolii and lolitrem B as the principal neurotoxic
tremorgen.It has been reported in cattle and sheep primarily and also in horses.
PRG staggers has been documented in the United States of America. Parasitized
annual ryegrass (L. rigidum) by Corynebacterium rathayi produces glycolipid toxin
(coryntoxins) and is prevalent in Australia and New Zealand (Cheeke, 1985). ARG
staggers is not common in the United States of America. The agricultural practice of
field burning, especially the Willamette Valley, serve as a control (Cheeke, 1985).
Management
Surface sterilization of ryegrass seeds and their storage under high humidity in
bell jars for three weeks at 37 C has proved to be a satisfactory method of killing
resident endophyte in seeds (which are to be infected with another endophyte)
(O'Sullivan and Latch, 1993). Mycelium of Acremonium is mostly localized between
the aleurone layer and the testa.
Many benefits of endophytic fungi in turf grasses were realized soon after their
association with animal toxicosis in forage grasses were discovered (Breen, 1990).
Endophyte-enhanced as well as genetically improved turf grass cultivars are being59
developed with improved insect resistance, disease resistance, and stress tolerance.
Recent developments of fairly specific ELIS As in New Zealand has facilitated
integration of integration of sensitive assay of microcultures of regenerated endophyte
after mutagenic treatment of protoplasts. A current scientific objective is to construct
a ryegrass-endophyte association with a most benign expression of
neurotoxinogenesis. Selection of a suitable naturally-occurring endophyte is already
realized with some success.
The ELISA method has been invaluable in the development of this approach,
allowing for rapid and sensitive analysis of many samples. Therefore, the present
collaborative protocol could enable the selection of Acremonium mutants which are
unable to biosynthesize tremorgenic neurotoxins, thereby improving the prospects for
constructing agricultural grasses containing more consistently beneficial endophytes.
Success in this biochemical strategy will, however, require much greater
understanding of the biosynthetic pathway and of the physiology of the fungi.
The potential for both fescue toxicosis and ryegrass staggers is expected to
increase markedly in Oregon for the following reasons:
1. An increasing proportion of the grass seed produced is endophyte-infected turf
varieties.
2. Tall fescue acreage, especially turf-type, is expanding rapidly.
3. Because of the decrease in field burning, increasing quantities of grass residue
will be fed to livestock, as this is the only feasible way of economically
disposing of them at present.
In recent years it has become apparent that endophyte toxins in tall fescue and60
perennial ryegrass are causing significant problems for livestock in Oregon. Despite
the fact that the diseases involved with both toxins can be documented by
veterinarians, extension agents, and livestock producers, it was not until summer of
1991 that a diagnostic test became available through the laboratory of Dr. A.M.
Craig, College of Veterinary Medicine. This is the first laboratory with this assay
on-line for use in the United States. However, there is no practical understanding of
how much toxin is tolerable and how much will cause disease (fescue foot or ryegrass
staggers) in susceptible animals. One report indicated 200 ppb ergovaline in the
midwestern United States is believed to cause fescue toxicosis and clinical disease in
cattle, but no disease was produced at 300 ppb in recent trials with cattle (Garner et
al., 1991; Rottinghaus, 1991). Stamm et al. (1992) reported no disease at 375 ppb of
dietary ergovaline in cattle in an Oregon study.In the Willamette Valley, Debassai et
al.(1993)held the first clinical trials in sheep, but no disease was reported at 1500
ppb of dietary ergovaline.
It is very important that fescue toxicosis be evaluated under Oregon conditions.
Previous research on fescue toxicosis has been conducted in environments much
different than what livestock are exposed to in Oregon. Also, in other areas, the
primary concerns are with summer pasture and hay. In Oregon, fescue utilization by
livestock is much different. Seed fields are grazed in the winter by sheep. Seeds (as
seed screenings) are fed to all classes of livestock both east and west of the Cascades.
Much of the straw is fed on ranches in eastern Oregon, where extremely cold
environmental temperatures are experienced. The point is that research done in other
parts of the world may not be applicable here.61
The purpose of these studies was to provide a detailed documentation of the
disease under Oregon grazing conditions:
1. To establish threshold concentration of ergovaline from tall fescue that would
cause disease in cattle and sheep by doing field and barn studies.
2. To determine the levels of toxin from fields with acute outbreaks of both
fescue foot and perennial ryegrass staggers.
3. To determine the level of toxins within the various parts of the plant under
seasonal conditions.62
MATERIALS AND METHODS
Experiment 1:Field Studies with Sheep on E+ Tall Fescue Pastures
Pasture 1
A tall fescue pasture of the Titan high endophyte (> 75 percent) variety which
had a history of tall fescue toxicity was identified. Two acres of the field was
confined with electrical fencing. Fourteen Hampshire-Rambouillet crossbred 2 to 3-
year -old ewes (average weight, 24.8 kg) randomly selected from a flock were
obtained for the study. They were physically examined and had their hooves trimmed
prior to being placed in pasture 1. The fenced area was subdivided into paddocks and
all animals were rotationally grazed for one week in each paddock whereas the other
paddocks remained ungrazed for 21 days. The rotational grazing was carried out for
a period of 42 days. Experimental animals were monitored not only for the
development of clinical signs of frank disease in fescue foot or gangrene of ear tips,
but also for several early physiological indicators that might reflect subclinical (early
stages) of disease. Body temperature and skin surface temperatures were measured
every other day at 9 am and weekly averages were calculated to determined the
cutaneous thermal response to the ergovaline (EV) toxin.Rectal temperatures were
obtained with a handheld digital thermometer (Becton Dickinson and Co., Franklin
Lakes, NJ) with a probe placed approximately 10 mm within the rectum. Skin
surface temperatures were recorded using an infrared thermometer (Everest
Interscience, Tustin, CA) held 10 mm from the area of the shaved skin.
Temperatures were recorded on the edge of the ear and on the coronary band area63
distal to the fetlock.Peripheral skin temperatures were taken to be an indicator of
blood flow to that specific area, i.e., a decrease in peripheral skin temperature would
be indicative of reduced blood flow to that area.Ear-tip and coronary band
temperatures were selected for monitoring because they frequently have been reported
as being most adversely affected by vasoconstriction in animals suffering from fescue
foot (Gallagher and Hawkes, 1986). Additionally, the coronary band area has been
shown to have a large capillary bed that is thermally active (Nelson, 1992).
Blood was taken by jugular venapuncture for prolactin analysis on day 42 at
the end of the study. The serum was harvested and frozen for subsequent prolactin
analysis (see protocol for prolactin analysis below). Ergovaline values of the tops,
stems, and crowns of the test tall fescue grass samples taken from the pasture twice a
week were measured using a technique described below (see protocol for ergovaline
analysis).Stratified random sampling was used as a method for selection of plants of
tall fescue for toxin analysis.Aliquots of these plants were submitted to Dr. Welty's
laboratory and analyzed for the presence of endophyte (see protocol for endophyte
analysis).Daily environmental temperatures for the Corvallis area were obtained
from Hyslop Crop Science Field Laboratory.
Pasture 2
Field 2 was selected for use in this study based on the same historical and
experimental conditions described for field 1.It was directly adjoining field 1.
Fourteen ewes of similar age and breed, weighing a mean of 35 kg were used for this
trial and treated similarly as described for the sheep in field 1.Sheep were placed on64
the pasture in October 1992 and monitored as described above. Blood for prolactin
levels was taken from each sheep on the last day of the trial. Random sampling of
pasture was done twice a week and the samples analyzed for ergovaline (see below
for EV analysis protocol). Since toxic levels of the tips of the plants between October
and November dropped from about 300 ppb to 100 ppb, additional dietary
supplementation of 425 ppb EV with ground tall fescue E+ was started. AVerage
pasture intake/sheep was estimated to be 3 percent of body weight, which would
approximate 1 kg of grass, which would result in a dose of 115 ppb to a sheep. The
supplementary ration was made by mixing ground E+ seed with finely chopped straw
and molasses as a carrier. The Pearson Square method was used in determining the
approximate ratios of ground E+ seed to straw based on initial EV concentration
determined by HPLC. Each experimental sheep was fed the supplement at 1 kg/day
resulting in a total intake of 425 ppb EV from the supplement and an estimated 100 to
115 ppb from pasture grasses. This supplement was fed to the 14 sheep from the last
week in November 1992 to the first week in March 1993 (a total time for the feeding
trial of 17 weeks).
Experiment 2: Barn Studies
Barn Study on EV Toxin and Sheep
Eight sheep of similar age, breed, and sex (same source of flock with those in
field study) with an average weight of 35 kg were housed together in a largepen at
the Veterinary Medicine Isolation Laboratory (VMAIL). Each animal was hand fed 1
kg of ground E+ seed (broken at least 3 times) mixed with ground alfalfa hay. The65
E+ seed contained 2310 ppb as determined by EV analysis (see protocol for EV
analysis). Ergovaline toxin in the feed started at 455 ppb and was sequentially
increased to 547, 636, 789, 918, and 1215 ppb at 3-week intervals for each respective
level. These levels in the feed were obtained by preparing the total ration as
described above in the field study with sheep. The animals were examined twice
daily, in the morning and in the evening. Thermal physiologic parameters were
measured as in experiment 1.This trial was started in the third week of March, 1993
and was terminated at the end of July, 1993.In the last week of the experiment,
blood samples were collected via jugular venipuncture for hemoglobin, hematocrit,
red blood cell count, white blood cell count, differential count (seg, lymph, mono,
baso, platelets), plasma protein, fibrinogen, MCV, MCHC, MCH. A complete
ruminant profile: blood urea nitrogen, creatinine, glucose, total protein, albumin,
bilirubin total, ALP, Ck, GGT, SCOT (AST), sodium, potassium, chloride, calcium,
phosphorus, and magnesium was completed. Blood samples for a complete blood
count (into containers with EDTA) and that for biochemical analysis were collected.
in separate tubes
Barn Study on EV Toxin and Cattle
Four rumen fistulated Hereford steers, aged 3 to 4 years and weighing 850-900
pounds were used for this part of this study.Cattle response to 2 levels of dietary
ergovaline (325 and 825 ppb) were compared in a range finding study conducted at an
average temperature of 15.9 C (May, 1992). Titan variety tall fescue seed (85
percent E+ certified purchased from Oregon Seed Research Inc.) was used as the66
source of dietary EV. Dietary levels were obtained by mixing ground Titan seed
(analyzed at 2300 ppb EV) with finely chopped straw. The Pearson Square Method
was used to calculate the dilution ratios. Ergovaline-spiked diets were fed separately,
with 2 animals on 325 ppb EV and 2 animals on 825 ppb EV for a period of 6 weeks.
Analysis of feed samples was done twice a week to quantitate dietary EV levels. No
thermal environmental parameters were measured in this group of cattle.This study
was conducted during the months of May and June.
Case Report
Two field outbreaks, one involving tall fescue pasture and one with perennial
ryegrass pasture were investigated.
Field Outbreak of Fescue Foot in Sheep
Forty-two cases of fescue foot in a herd of 424 6-month-old feeder lambs
(mixed breed) were seen in a tall fescue E+ field south of Corvallis in the Willamette
Valley of oregon.
The outbreak of fescue foot was brought to the attention of the Veterinary
Diagnostic Laboratory, Oregon State University in November 1991. Eight lambs had
died in the previous 4 weeks with clinical signs of rear leg lamness, swelling, and
discoloration over a period of 3 to 4 days. The lambs have been grazingon E+ tall
fescue pasture for a period of 4 weeks. The owner reported similar problems in the
two immediately preceding years at the same time of the year, with lambs sloughing
their feet. The owner suspected endophyte toxicity from infected fescuegrass and67
requested a confirmation of fescue foot from one of the affected lambs. The necropsy
was performed in the standard manner by the Veterinary Diagnostic Laboratory at
Oregon State University College of Veterinary Medicine. Field samples from the tall
fescue pasture were collected by a random sampling method as described above and
analyzed for EV.
Field Outbreak of Perennial Ryegrass Staggers in Sheep
A field outbreak of perennial ryegrass staggers in 42 out of 237 sheep
(incidence rate of 18 percent) was investigated. A detailed description is presented
below.
The sheep had been previously grazed on orchard grass that had been analyzed
to contain < 10 ppb EV. On 10/6/92, animals were put on a perennial ryegrass
pasture near Tangent, Oregon. On 10/17/92, the owner first noticed signs of stiffness
of the forelimbs when attempts were made to move the sheep. At this time only 1
animal was involved. On 10/19/92, the owner decided to move the animals back to
the orchard grass field. Ten animals could not walk when being herded. They
showed increased stiffness and tetany as their level of excitement increased, limiting
their forward movement. If left to walk on their own they could ambulate. Twenty
other sheep showed signs of stiffness, but kept up with the remaining flock. The
problem ceased within 4 days after the animals were moved back to orchard grass.
Four field samples of PRG were collected from 10/18/92 to 10/30/92, when the
owner first noticed clinical disease, and analyzed for lolitrem B, the principal toxic
molecule associated with PRG staggers. An HPLC method of analysis was developed68
in the laboratory of Dr. A. M. Craig, similar to that described below for EV, using
HPLC with fluorescence detection (see protocol for lolitrem B).
On 11/30/92, a different flock of the same breed of sheep, numbering 179
animals, were introduced to the problem PRG field and kept there until 12/17/92.
There were no detectable clinical signs of suspected PRG staggers shown when these
sheep were grazed over this period of time. Four field samples of PRG were
collected from 11/30/92 to 12/17/92 (no disease noticed). Analyses were made of
aliquots of random samplings of pasture grasses for lolitrem B.
Protocol for Endophyte Analysis
Tillers were collected from field 1 (Titan tall fescue) and field 2 (Titan tall
fescue) that were grazed in experiment 1.Roots and tops were removed from each
tiller to provide a plant segment approximately 5-7 cm long (2-3 in). Each tiller was
split longitudinally with a razor blade. One side of each tiller was put into 85 percent
lactic acid and autoclaved (121 C, 10 min). The acid was poured off and the tissue
was rinsed with tap water. Plant tissue was then stained with 1 percent aniline blue
and 100 stems were examined for endophyte hyphae with a microscope at 400X
magnification.
Protocol for Ergovaline Analysis
An HPLC assay with fluorescence detection for EV was used to quantitate EV
in the tops, stems, and crowns of the tall fescue tiller samples.69
Reagents
HPLC grade acetonitrile, methanol, chloroform and reagent grade ammonium
carbonate, sodium hydroxide, ammonium hydroxide, and tribasic potassium phosphate
were purchased from J. T. Baker, Phillipsburg, New Jersey. Ergotamine was
purchased from Sigma Chemical Company, St. Louis, Missouri.
Solutions
Ergotamine was dissolved in methanol to give a 1 mg/mm solution which was
prepared fresh weekly. Daily this stock solution was diluted to 1 IL g/m1 in chloroform
to use as the internal standard. Methanol containing 1 percent ammonium hydroxide
was prepared fresh daily.All other solutions, 1 mM sodium hydroxide,
chloroform/acetone (75/25v/v) and tribasic phosphate buffer (pH = 10.5) were
prepared and stored indefinitely.
Instrumentation
Equipment consisted of either a Beckman (Fullerton, California) model 110A
pump with a Beckman 421 pump controller, or a Perkin Elmer (Norwalk,
Connecticut) binary LC 250 pump, a Spectra-Physics (San Jose, California) SP8775
autosampler fitted with a 20 AL sample loop and a Perkin Elmer LC 240 fluorescence
detector with a 7 AL flow cell (X250 nm, Xe, = 4200 nm, response = 2). Data
collection was via a PE Nelson (Cupertino, CA) 970 interface on a PC-based data
system running Turbochrom 3 software. A 150x4.6 mm Alltech (Deerfield, Illinois)
RP-100A column (5 Am particle size) was used in conjunction with an Alltech BRP-170
guard column cartridge.
Mobile phase
The mobile phase consisted of acetonitrile/2.6 mM ammonium carbonate
(70/30 v/v) run at a flow rate of 1.0 mL/min.
Sample collection
Tillers of Titan high endophyte tall fescue grass were collected at an early
vegetative stage through the entire course of experimental study one. Weekly samples
were a composite of different tillers randomly pulled out from several locations within
the fenced field with sheep grazing on the dormant pasture. Each sample was put in
Zip-loc with Gripper Zipper (7" x 8") storage bags (Dow Brands Inc., Indianapolis,
Indiana). The bags were labeled and transported to the laboratory and cleaned of
debris. Green plant material was placed in a 100 C oven (Temp Con Oven American
Scientific Products McGaw Park, Ilinois) for 12 hr.
Sample preparation
Dry plant material was separated and cut to blades (tops), stalks
(pseudostems), and crown parts. Each part was ground in a Tecator Cyclotec 1093
(Tecator, Hoganas, Sweden) sample mill to pass through a 1 mm screen. Ground
plant material was weighed into a 16 x 125 mm screw cap tube; 0.2 to 1.0 g,
depending on the expected or known ergovaline content. To the tube were added 10
mL chloroform, 1 mL ergotamine internal standard solution (1 µg /mL) and 1 mL of 171
mM sodium hyroxide. The tube was capped with a teflon-linedcap and rotated on a
hematology chemistry mixer (Fisher Scientific, Santa Clara, California) for 24 hours
in the dark. The solids form a sediment by centrifugation at 1700 Xg for 5 min, and
4 mL of the organic extract is subjected to solid phase extraction in SPE columns
produced in our laboratory. In a 6-ml monoject disposable syringewas placed 1.0 g
of Ergosil (Analtech, Newark, Delaware) and 0.5 g anhydrous sodium sulfate,
separated by 1/2" filter paper discs (VWR, Portland, Oregon). The SPE columns
were conditioned with 5 ml chloroform before organic extract was added. The
extract was drawn through the tube slowly followed by 2 1-mL aliquots of
chloroform/acetone mixture and 1 1.5-mL aliquot of methanol. The ergopeptine
alkaloids are eluted with 1 2.5-mL aliquot of methanol which was caught ina glass 12
x 75 mm culture tube. This extract was first concentrated by evaporating the
methanol under nitrogen in a 40 C water bath and the residue dissolved ina small
volume (500 tiL) of methanol. The extract was transferred to amber 12 x 32 mm
autosampler vials (with small volume insert as necessary) and was injected onto the
HPLC.
Duplicate 1 g subsamples were mixed with ergotamine tartrate (Sigma
Chemical) as an internal standard, extracted with chloroform, and cleaned using silica
solid phase extraction tubes. Each subsample was analyzed by reverse phase HPLC
using flourescence detection (Xex = 250 nm, Xex= 420 nm). For the standard
curve to be valid over 3 orders of magnitude, data were fit to a second order
polynomial by a computer program using the Marquardt-Levenberg algorithm (Sigma-
Plot, Jandel Scientific, Corte Madera, California). Ergovaline amountswere72
expressed as parts per billion (ppb). When the EV amounts exceeded the scaleon the
first run, the analysis was repeated with 0.5 or 0.25 g of ground plant material.All
samples had 2 or more replicate runs and means are presented for the various studies.
Standards
As ergovaline is not commercially available, we used as our primary standard
a batch of tall fescue seed graciously provided to our lab by George Rottinghaus
(University of Missouri College of Veterinary Medicine) and assayed by his
laboratory to be 1500 ppb ergovaline. We also obtained seed which containedno
detectable ergovaline by this method to dilute the 1500 ppb seed to a range of levels
down to 15 ppb. Ergovaline in samples was determined by fitting the data to a
second order polynominal by the computer program Sigma-Plot (Jandel Scientific,
Corte Madera, California), which uses the Marquardt-Levenberg algorithm.
Protocol for Prolactin Analysis
In the last week of experiment one, blood samples were collected from the
sheep via jugular venipuncture into vacutainer tubes for prolactin (PRL) analysis.
Blood samples were allowed to clot at room temperature. Samples were centrifuged
(Beckman Model T J-6 Centrifuge Instrument Inc. Spinco CA) at 2000 rpm for 10
min and serum was removed and frozen at -20 C until further analysis.
All PRL analyses were conducted at the New Mexico State University
Endocrinology Laboratory using a radioimmunoassay procedure (assay materials
supplied by NIDDK) as described by Spoon and Hallford (1989). All sampleswere73
assayed in a single run with a coefficient of variation of 9.3 percent. When 25 ng
PRL was added to 1.0 ml serum containing 15.9 ng PRL, 40+ 1.1 ng/ml was
recovered (98 percent, n = 26).
Protocol for Lolitrem B Analysis
Dried, ground sample (0.2 g) was weighed out into a polypropylene culture
tube.Internal standard (0.1 mL) was added followed by 3 ml of extraction solvent.
The tube was then capped, vortexed for 10 sec, and placed on the rotorack for 24 hr.
Tubes were then centrifuged for 5 min on high speed (1700 xG) and the supernatant
placed into a new polypropylene culture tube. The supernatant was dried under
nitrogen without heat and then reconstituted with 0.5 ml of solvent. The samples
were vortexed for 10 sec, then filtered and transfered to amber autosampler vials with
small volume inserts. The following describes the HPLC program to analyze
samples:
Mobile Phase
A: CHC13
B: ACN
Flow Rate:0.75 ml/min
Column: Hypercarb pH
A. 95% CHC13B. 95% ACN
5% Me0H 5% Me0H
Measure Me0H into volumetric flask, then dilute to volume with appropriate solvent.74
Gradient Program
%A
100
80
30
0
5 12 17 20
Flow: 0.75 ml/min
Column: Hypercarb pH
10 cm x 3.2 mm
Ailtech # 59863752
Guard Column: Hypercarb
Ailtech # 59864
Fluorescence Detection
Xex = 268 nm
Xem = 440 nm
Solutions
The internal standard was 1 mg/ml dipyridimole made fresh weekly and
diluted to 20 µg /ml. The extraction solvent was CHC13/MEOH (2:1) by volume, and
the reconstitution solvent was CHC13/ACN (4:1) by volume.
Duplicate runs were made and the resulting values averaged.75
Hematology
Blood samples were obtained from the sheep in the barn studyon EV
(experiment 2a) on July 31. The PCV, blood hemoglobin (Hb) concentrations, and
total WBC and RBC counts were determined by the clinical pathology laboratoryat
the Oregon State University Veterinary Diagnostic Laboratory immediately after
sampling. Serum was harvested and frozen at -20 C. Blood concentrations
(hemoglobin, PCV, RBC, WBC, and differential white counts)were measured with a
System 9000 Hematology Cell Counter (Serono Baker Diagnostics, Allentown,
Pennsylvania).
Blood Chemistry
Serum concentrations of urea nitrogen (BUN), creatinine, glucose, total
protein, albumin, total bilirubin, and Mg, and serum activities of alanine transaminase
(ALT), alkaline phosphatase, amylase, creatinine kinase (CK), and X-glutamyl
transpeptidase SGOT (AST), Na, K, Cl, Ca, P, Mg were determined in thesame
sheep described above (barn study of sheep in experiment 2). A Ciba Corning 550
Express Analyzer (Ciba Corning Diagnostics Corporation, Oberlin, Ohio) in the
Veterinary Diagnostic Laboratory was used to determine the respective values.
Statistical Data Analysis
Data were analyzed for treatment and time effects using the General Linear
Model of Statistical Analyses Systems (SAS, 1985). Ergovaline concentrations in
crowns, stems and tops of tall fescue tillers were compared. Data for rectal,ear and76
coronary band temperature were subjected to analysis of variance (ANOVA). When
there was a significant F value (p < .05), means were separated by Least Significant
Difference (LSD). Significance implies P< .05, unless otherwise indicated.77
RESULTS
There were significant treatment by time interactions. Ergovaline
concentrations for crowns, stems, and tops of tall fescue tillerswere significantly
different. The mean values for crowns, stems, and topswere 918, 566, 351 ppb
respectively. There was significant variation in ergovaline concentrationover time.
Ergovaline concentrations remained highest in thecrown, although with general
decline over time from September to January (Figure 3). However, therewas a
general increase in ergovaline concentrations in all plant parts from February with
increasingly environmental temperatures.
Rectal, ear, and coronary band temperatures were significantly different
between treatments.Rectal, ear, and coronary band temperatures also changed
significantly over time. Further comparison of mean temperaturesover time showed
no difference in rectal temperatures from the first week of November through middle
of December. However during the last week of December, the rectalear and
coronary band temperatures were significantly different.
Experiment 1:Field Studies with Sheep on E+ Tall Fescue Pastures
Pasture 1
Field 1 contained 77 percent endophyte-infected tillersas determined by
microscopic evaluation. Ergovaline analysis of the tops (leaves),stems, and crowns
was 351 ppb in the tops and 566 ppb for stems (mean of 458 ppb) in the tops and
stems and 918 ppb in the crowns. The tops and stems are the parts of the plantmost78
commonly grazed by the animals and would suggest that the dose of EV these
pastured sheep were receiving was approximately 458 ppb/day.
Under these dietary conditions, none of the sheep developed clinical signs of
tall fescue toxicosis. Body (rectal) temperatures ranged from 103.6 F to 104.8 F with
a mean of 104.2 F, varying little over the trial period. Ear surface temperatures
ranged from 91.5 F to 95.9 F with a mean of 94.1 F. There was no change,e.g.,
decrease in mean ear temperature over the trial period (Figure 1, pasture 1).
Coronary band temperatures also remained fairly constant throughout the trial
period, ranging from 79.3 F to 85.0 F with a mean of 82.3 F. Environmentalmean
temperatures were 61.9 F in September and 55.0 F in October.
Prolactin levels are illustrated in Figure 2. The values obtained ranged from
3.8 to 6.4 ng/ml with a mean of 4.6 ng/ml. This is markedly low compared to
normal sheep values in the reference laboratory.
Pasture 2
Field 2 had 73 percent endophyte-infected tillers. EV analysis of tops and
stems averaged 115 ppb after the first month (in November) while the crowns had EV
at 555 ppb. Since a 1 kg supplement of 425 ppb was added to the diet from
November to March, the total dietary intake of EV per sheep was estimated to be 540
ppb.
Under these conditions, only one sheep (#18) developed lameness and clinical
evidence of fescue foot 3 weeks after supplementation with 425 ppb was initiated (a
total of 11 weeks on pasture). The clinical signs included pain to touch by the79
coronary band, inflammation, but no necrosis or discharge was evident. A graph
showing ranges of environmental temperature correlated to the levels of EV in the
tops, stems and crowns is seen in Figure 3.It appears that as the environmental
temperature drops during winter months EV levels in the various parts of the plant
correspondingly drop. Likewise, as spring temperatures increase EV levels start
rising.After the sheep developed the clinical signs, it voluntarily decreased its food
intake (anorexia) and clinically recovered within one week. The mean coronary band
surface temperatures increased for all sheep from approximately 78 F in October to
90 F in mid November (Figure 1Pasture 2). The affected sheep had a coronary
band surface temperature of 106.1 F at the onset of lameness in mid November. The
body temperature remained fairly constant over the trial period as did the ear tip
temperatures except for a slight rise in mid November. The mean environmental
temperature during mid- November was 46.0 F. Figure 1 illustrates these changes in
body tempertures and environmental temperature for both sets of sheep (Pasture 1 and
2) over time. The affected sheep also had the lowest prolactin level at 0.1 ng/ml (see
Figure 4).All of the sheep in the study had prolactin levels below the normal
reference values of testing laboratory for sheep which are 40 to 80 ng/ml.
Experiment 2: Barn Studies
Barn Studies on Sheep
Eight ewes were fed under barn conditions to determine threshold levels of tall
fescue toxicosis. Two ewes had a single lamb at their side.Total dietary levels of
EV were fed at 455, 547, 636, 789, 918,and 1215 ppb dietary EV sequentially, at 380
weekly intervals.Experimental animals were at the upper level for a total of 6
weeks. Clinical disease was not evident at any time during the trial. Body
temperature remained fairly constant throughout the trial.Figure 5 summarizes the
mean body, ear tip and coronary band temperatures of the sheep on this study.
Environmental temperatures over the 20 weeks of the study ranged from a high of
63.9 F to a low of 48.0 F. The blood analysis at the end of the trial (Table 1 and 2)
showed a drop in albumin to 2.1 g/dL compared to normal sheep values of 3.4 g/dL
which occurred in all eight of the ewes.Fifty percent of the animals showed either a
rise in gamma glutamyl transpeptidase and/or a slight rise in serum urea nitrogen.
During week 15 of the study one lame ewe was presented for post mortem
examination. Pathological findings were not significant in relation to fescue foot.
Barn Studies on Cattle
One of the cattle fed 825 ppb EV for 42 days showed signs of fescue foot (see
Figure 6).Clinical signs included:1) interdigital fissure, 2) pain from the right
hindfoot, and 3) decreased rectal and coronary band temperatures. There was
palpable heat in all the hoofs and visible inflammation on the coronary bands of the
hind feet (Figure 6a).Six weeks later, cornification and elongation of the hooves (as
a result of pure inflammation and damage to the coronary area) was also evidenced as
seen in Figure 6b.It is postulated vasoconstrictive impairment of blood flow to the
hoof area may have resulted in proliferation and over activity of the epidermal cells
with death and subsequent cornification. There were scaly lesions in both hind feet
with granulation tissue under the scales. The two cattle on 325 ppb dietary EV did81
not show any clinical signs of tall fescue toxicosis after 6 weeks of feeding.
Case Report
Field Outbreak of Fescue Foot in Sheep
Mean EV levels of 812 ppb were quantitated in the pasture grass samples
from the field from which fescue toxicosis was reported to have occured. An
approximately 6-month old very thin crossbred wether was presented alive, to the
OSU Veterinary Diagnostic laboratory for the necropsy. The animalwas euthanized
by electrical shock. There was dry gangrene of both rear feet with sharp lines of
demarcation between viable and necrotic tissue. Some separation of the skin with
underlying suppuration was present along this "gangrene line". The separation
occurred at the metatarso-phalangeal region of the left rear foot and in the proximal
interphalangeal region of the right rear foot. Some curling under of the left foot had
occurred due to the tissue desiccation, with loss of the horn claws of the feet.
Internally there was very little subcutaneous or internal fat noted and there had been
moderate to marked loss of muscle mass. No evidence of gangrene was noted on
forefeet, tail, or ears. There was a mild pneumonic consolidation of the anteroventral
portions of the right lung.
Histologic sections through one of the affected feet revealed gangrenous
necrosis affecting both the soft tissue and the bone with a zone of intense
inflammation present at the viable tissue-necrotic tissue interface. Some granulation
tissue underlied the necrotic epidermis where it had separated from underlying tissues.82
Field Outbreak of Perennial Ryegrass Staggers in Sheep
The mean lolitrem B content of the grass samples collected in Octoberwere
2135 ppb, and in December (from the same fields)were 1465 ppb. Disease only
occurred when sheep were grazing the field in October when lolitrem B levelswere
high. They did not develop clinical signs of disease at 1465 ppb lolitremB in
December of the same year.83
Table 1. Hematologic values in experimental sheep fed 1,215 ppb dietary ergovaline
Measurement/Value
Animal
Hb
g /dl
PCV
%
RBC
x106/pl
WBC
nly1
Seg
n /PI
Lymph
n /pt
Mono
n /pl
Baso Eos
ni,u1 Platelets
1 9.029.210.946,4003,7122,112 448 128 Adeq.
2 14.143.411.411,2001,7927,2801,568 112 448Adeq.
3 12.337.812.6412,1006,0505,324 242 484Adeq.
4 12.237.312.1910,1002,1215,1511,212 3031,313Adeq.
5 13.6 4013.536,7001,0724,288 201 1,139Adeq.
6 11.836.613.119,0001,4406,930 180 90 360Adeq.
7 9.027.69.3413,7003,9737,9461,233 548Adeq.
Normal 8-16 24-50 8-164,000- 700-2,000- 0-750 0-3000-1,000
12,000 6,000 9,000
Measurement/Value
Animal
Plas. Prot.
g/dI
Fibrinogen
mg/dL
MCV
f L
MCI-IC
g/dL
MCH
pg
1 6.2 200 26.7 30.8 8.2
2 6.9 200 38.1 32.5 12.4
3 7.5 200 29.9 32.5 9.7
4 6.4 100 30.6 32.7 10
5 6.7 200 29.6 36 10.1
6 5.5 300 27.9 32.2 9
7 5.3 100 29.6 32.6 9.6
Normal* 6-7.5 100-500 23-48 31-38 8-1284
Table 2. Serum biochemical values of experimental sheep fed 1,215 ppb dietary
ergovaline
Measurement/Value
Animal
BUN
mg/dL
CRT
mg/
dL
Gluco
se
mg/dL
Tot.
Prot.
g/dL
Albu
min
g/dL
Bi li.
Tot.
mg/
dL
ALP
IU/L
CK
IU/L
GG
T
IU/L
SG OT
(AST)
IU/L
Na K CI Ca
mEq/ mEq/ mEq/ mg/dL
L L L
P
mg/d
L
Mg
mg/d
L
1 35.41.3686.02.20.2464774711434.11068.9 62.7
2 29.21.2616.72.70.3625553811504.91109.86.72.8
3 30.71.0677.22.50.2424168651504.71089.48.22.6
4 28.51.6556.42.70.28341549614641059.1 62.7
5 19.11.3676.52.50.29087491021443.81029.16.32.4
6 31.01.1775.62.80.31496069861403.89810.96.22.6
7 32.30.8745.12.10.31326743771424.810410.67.22.4
Normal*20-300.9-50-6-3.4-0.1- 34-38-24-60-140-4.5-103-8.5-4.7-1.9-
1.51007.73.90.418890551101555.71179.57.02.66
* According to Oregon State University Veterinary Diagnostic Laboratory.Figure 1.
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Tall Fescue Studies
91
Five hundred and forty ppb to 813 ppb EV ingestion by sheep when
environmental temperatures were cold (33.3 F to 39.9 F) resulted in clinical cases of
tall fescue toxicosis.In a similar trial, 825 ppb in cattle in environmental conditions
of 46.3 F to 54.3 F caused clinical disease. This is in contrast to sheep that were fed
increasing amounts of EV from 455 ppb up to 1215 ppb for a period of 20 weeks in
warmer weather with no signs of acute toxicosis. Environmental temperatures during
this later trial were 48 F to 63.9 F, considerably warmer than the aforementioned
trials that produced disease.
Quantification of EV in relationship to disease has recently been evaluated.
Hannah et al. (1990) fed tall fescue seed containing 6000 ppb EV to sheep, at 50
percent of the diet. At dietary EV levels of 1500 and 3000 ppb, organic matter and
fiber digestibilities were reduced. No other fescue toxicosis problems were
mentioned, and the environmental conditions were not stated. These concentrations of
ergovaline would result in levels of dietary EV that are greater than would be
consumed in a typical grazing situation, but these levels should determine whether EV
affected digestion and digestive kinetics. These values were higher than those that
produced clinical disease in our our sheep; but lack of environmental information
makes it difficult to compare to our studies.Fiorito et al. (1991) also reported that
nutrient digestibilities were reduced in lambs fed endophyte-infected tall fescue hay.
The EV level was not determined. Rottinghaus et al. (1991) reported that 200 ppb92
dietary EV is believed to cause clinical disease in cattle.Here in the Willamette
Valley, Debessai et al. (1992) fed up to 2000 ppb dietary EV to sheep. This later
group reported levels from 500 to 2000 ppb significantly reduced feed intake and
average daily gain (ADG). Although not specifically measured, weight loss was not a
clinical feature noted in the EV feeding trials undertaken in this study. Also,our
studies used alfalfa hay to mix with EV supplementation which would have increased
the nutritional value compared to studies that used straw. DelCurto (1991) has shown
that animals on a higher plane of nutrition are not as susceptible to tall fescue
toxicosis.In other studies, no physiological changes in performancewere recorded
when cattle were fed straw containing 375 ppb ergovaline (Stamm et al., 1992).
Quantification of grazing animal response to tall fescue toxicity is difficult,
since not only does plant composition vary seasonally in terms of nutritive quality and
toxic products, but environmental factors may influence animalresponse as well. In
addition, increased fungal mass or presence in a plant community may not necessarily
result in increased toxin production. For example, a grazing animal weighing 375 kg
could ingest 10 kg herbage dry matter containing 10 mg (1000 ppb) EV especially
during autumn. However, the clinical toxicity and dosage required to elicit observed
fescue toxicity response are unknown (Belesky et al., 1988). Hove land et al. (1983)
reported that cross bred steers grazing low endophyte ( < 5 percent plant infected) tall
fescue had 66 percent greater ADG than animals grazing high endophyte (94percent
infected) paddocks.
We did not see clinical disease after supplementing with 425 ppb dietary EV,
(assumed 540 ppb EV net intake) during the warmer temperatures. One animal,93
however, developed initial signs of laminitis (distinguished from foot rot), but the
condition was not progressive since the sheep refused the supplementary feed for the
period of time that the lameness was evident. We also noted that this animal (#18,
see Table 2) had the lowest PRL level, i.e., 0.1 ng/ml. Seasonal effects, such as
declining photoperiod and temperature, can reduce serum PRL concentrations of
livestock on E- tall fescue and must be considered when using PRL as a sign of tall
fescue toxicosis (Chestnut et al., 1992). However, the very low values that were seen
in these experimental sheep could not be confused with the lesser decrease due to
seasonal effects.
Table 1 refers to PRL values at the end of both pasture feeding trials;
markedly decreased PRL was seen on the 350 ppb EV E+ tall fescue field as well as
in the supplemented (540 ppb total dose) pasture study in sheep. The reduced PRL
levels in both of the pasture studies are similar to another pilot study with lambs in
the Willamette Valley. Debessai et al. (1992) observed that serum PRL dropped from
44.6 ng/ml on control to 2.9, 2.3 and 0.9 ng/ml in lambs on 150, 300 and 600 ppb
EV respectively. Stamm et al., 1992 reported a linear decrease across treatment
means as the level of Titan increased in the diet in studies with cattle.
Rectal temperatures did not change (see Figure 2).Effect of Fescue Diet x
Environmental Interaction have been reported. Rectal temperature and respiratory rate
among steers consuming E+ diet in 21 C environment were the same as those among
steers consuming the E- diet at 21 C. Rectal temperature and respiration rate were
elevated in steers consuming the E+ diet in the 32 C environment compared with
those of steers consuming the E- diet in the same environment (Osborn et al., 1992).94
Osborn and his group also observed, ear-tip temperature was reduced 1.6 C by
consumption of E+. Similarly a reduction of peripheral temperatures indicative of
reduced blood flow to peripheral areas as a result of vasoconstriction. Figure 2
shows a reduction in peripheral temperatures, which is consistent with these studies.
These interactions of diet and environment suggest that high ambient temperature
exacerbates the signs of fescue toxicosis, which supports the hypothesis by Hemken et
al. (1984).
Belesky et al. (1988) reported the significant depression of EV concentration in
summer relative to spring and autumn peaks. This may be related to production of
photo-oxidation metabolites of ergosteroid compounds such as ergosterol peroxide, a
toxic non-alkaloid product observed by Porter and Thompson (1992) in A.
coenophialum infected tall fescue. The occurrence of light- mediated fungal products
in conjunction with photoperiod-period-mediated animal hormone responses attests to
the complexity of resolving host-endophyte toxicity in grazing animals. Bush and
Siegel (1991) reported levels of EV were lowest during mid summer with greater
accumulation in the early winter and spring.
Ergovaline distribution in various levels of the plant noted in these studies
varied with part of plant analyzed with tops and stems having lower concentrations
than crowns. This is in agreement with that reported by Rottinghaus et al. (1991).
They showed that ergovaline levels in all plant tissues were between 300-500 ppb
from March through mid June. In late June, ergovaline increased in seed heads to
1000-5000 ppb, while stems with leaf sheaths and leaf blade values remained at 300-
500 ppb. This study also looked at EV concentrations in the various parts of the95
plants during the winter months of November through March (see figure 4).It was
noted that EV concentrations fell in the winter months to approximately 75 ppb in the
tops, approximately 200 ppb in the stems and approximately 500 in the crowns. This
higher crown value is first reported in this study and has important management
implications. Overgrazing of fields of E+ tall fescue should be avoided to prevent
sheep from grazing down to the higher EV containing crowns of the plants. In
harvesting straw for use in feeding livestock, the swather should be set high enough to
avoid including parts of the crowns in the harvested straw.In addition, EV in all
plant tissue increased with nitrogen fertilization (Rottinghaus et al., 1991) and this
may need to be considered when selecting these types of fields for grazing or
harvesting.
Analytical assays for the endophyte in the plant and the toxins responsible for
producing clinical signs in the animals are essential to any study of these plant-disease
interrelationships. The method of identifying viable hyphae of the endophytic fungi in
tall fescue and perennial ryegrass (Welty, 1987) was used as to allow the
quantification and correlation of the endophyte in total and in subparts of the plant to
toxins of the respective plants. High performance liquid chromatography with
flourescence detection (modified assay) for quantifying EV and lolitrem B, developed
in the laboratory of Dr. A. M. Craig, was used (Craig, 1993).
The clinical signs of tall fescue toxicosis in the animals in this study were
related to decreased circulation with the resultant "fescue foot" type syndrome. No
evidence for a "summer syndrome" was seen in any of the EV feeding trials.This
may be due to the cooler environmental temperatures in the summers of the Pacific96
Northwest in general and the Willamette Valley of Oregon in particular.
The classic clinical condition of fescue foot was first described in New
Zealand (Cunningham, 1949).It was reported in western Colorado in 1952 and in
Kentucky in 1953 when cattle were grazing on cultivated KY-31 tall fescue. In 1956
it was experimentally produced in Colorado, while cattle were grazingon fescue or
while eating fescue (Watson et al., 1957).It was initially seen as lameness in the
hind limbs, accompanied by elevated temperature and increased pulse and respiration
rates. Some fescue fields have a history of repeated fescue foot outbreaks, but in
general, the outbreaks are non recurring. Some of the conditions that favor the fescue
syndrome are fall regrowth or total yearly accumulated fescue (increases incidence).
Lameness most often occurs with onset of cooler or cold weather (below 15.7 C) and
especially with snow or ice. The only cases of fescue foot seen in sheepwere in the
cool winter and spring months. One cow did develop the typical fescue foot in this
study in the late spring months. Cattle on low-quality rations and underweightare
predisposed. The cattle in this study were on a straw diet which was mixed with high
EV seed, so their nutrition was less than optimum and generalized weight losswas
seen.
The classical signs of fescue foot have an onset in 5 to 15 days, after being
placed on the pasture.Occasionally, signs are seen when cattle are continuously
pastured on E+ tall fescue pasture. There is slight arching of the back, and if
progressive, the hair coat becomes rough. Soreness is evident inone or both rear
limbs resulting in weight shifting, holding one footup, and knuckling. There is
reddening of the coronary band, then swelling. Sloughing of the feet, usuallyat or97
just above the coronary band, sometimes higher.Redness, swelling and then purple-
black discoloration of the tail and sloughing of theear tips occurs in some cases as
does occasional diarrhea.
Measurement of skin surface temperatures did notserve as an early indicator
of oncoming disease.Increases in coronary band temperatures occurred in the sheep
study on pasture 2 (Figure 2) as opposed to the expected decreasedtemperatures.It
was during this time that one clinical case of fescue foot did develop. The
measurement of temperature utilizing the infrared thermometerwas not able to detect
a drop in temperature that could be related to any ongoing peripheral vasoconstriction.
It did appear to be sensitive to increased heat in thecoronary band due to possible
inflammatory changes which may have been subclinical in all of the sheepexcept the
one that developed the clinical fescue foot. This point needs further investigation to
be verified.
The most reliable indicator of subclinical changes in sheep fed EVwas the
dramatic drop in prolactin levels.Practically, this is a research tool, not an easilyrun
diagnostic assay that could be made available to the public.
Perennial Ryegrass Studies
Lolitrem B levels of 2135 ppb in perennialryegrass was associated with
clinical ryegrass staggers in sheep field cases. Two evaluations ofa disease producing
field elicited the fact that in October of 1992 the lolitrem B levelswere at the 2135
ppb level and did produce classic disease. Sheepon the same pasture in December of
1992 with quantitated levels of lolitrem B at 1450 ppb didnot develop the disease.98
This supports the threshold level of lolitrim B at approximately 2000 ppb since no
environmental factors relative to development of ryegrass staggers have been reported
as they have been in the tall fescue toxicosis cases.In other words, cold or warm
environmental temperatures are not known to be a precipitating factor.
The time of the year (October) when PRGS was diagnosed is consistent with
that reported elsewhere.In New Zealand, the disorder typically occurs in dry
summer-autumn conditions when stock closely graze ryegrass-dominant pastures
containing A. lolii and a significant amount of dead and senescing plant material
(Keogh, 1978). PRGS in heifers has been recently reported in Argentinian cattle.
The condition was described in association with abundant dead PRG leaves as well as
short (about 12 cm high) PRG in slow regrowth. Onset of clinical signs was noticed
after 26 days of grazing 26 (Odriozola et al., 1993). Close grazing is implicated as a
causal factor because A. lolii and lolitrem B are concentrated in the leaf sheath in the
vegetative plant tissue, with negligible amounts in the crown part (Musgrave 1984;
Gallagher et al., 1987). Consequently, grazing height has a major effect on the
development and severity of the disorder in stock grazing toxic ryegrass (Fletcher and
Piper, 1990). Increases in incidence and the severity of perennial ryegrass staggers
have also been noted in sheep grazing ryegrass sprayed with the fungicide benomyl
(in an attempt to kill the fungus Pithomyces chartarum Berk. and Curt., which causes
facial eczema in grazing stock) (Keogh, 1978). Nitrogen fertilization has also been
implicated in increasing perennial ryegrass staggers. It has been a consistent finding
by other authors that outbreaks of PRGS occur in pure stands of PRG, which was the
situation in our case. A definitive relationship between the shortness of the pasture99
and PRGS occurrence has been shown; sheep grazing PRG less than 2.5 cm high
showed signs of PRGS, while animals grazing the upper portion of the same pasture
plants did not (Keogh, 1978). The specificity of A. lolii for PRG was noted by other
authors (Fletcher, 1981; Gallagher et al., 1982). Further studies have led to the
isolation, structural elucidation of the tremorgens lolitrem A, D, E, and F from
PRGS-producing pastures. The structures of these compounds now provide useful
information about biosynthetic pathways and their possible contributions to the disease
syndrome. Lolitrem B still maintains a tenfold neurotoxic potency (Keogh and Taper,
1993) over other lolitrems.
The role of fungal tremorgens in association to ryegrass staggers was first
reported by (Clay, 1989). Perennial ryegrass staggers and its wide spread incidence
in cattle and sheep on the northern coastal region of California, and the first
identification of the endophyte and lolitrem B from ryegrass in the United States was
made by Arachevaleta et al (1989). The cases were investigated in depth to
characterize perennial ryegrass staggers in this region in relation to the syndrome that
has been studied in New Zealand and Australia. An attempt was made to correlate
the level of lolitrem B for the pasture with the threshold level of 1680 ppb that has
been reported by Gallagher in New Zealand. The lolitrem B concentration for the
pasture of one herd was greater than the 1680 ppb threshold level that has been
associated with perennial ryegrass staggers in New Zealand and Australia (compared
with 2135 ppb level reported in our study). This was the first attempt to quantitate
the level of lolitrem B at which clinical disease is induced in the United States.
The clinical signs seen in these field cases were typical of that which has been100
reported. The clinical signs, moderate morbidity, lack of mortality, time course, time
of the year, rapid recovery of affected flock, and history of exposure to fungal
contaminated perennial ryegrass containing lolitrem B are classic for the diagnosis of
staggers caused by consumption of perennial ryegrass (Welty et al., 1993). Other
potential causes of tetany and or tremogenic disease that may cause death are such
toxins as pentrem-A (moldy walnut hulls, Juglans sp.), and plants such as phalaris
grass (Phalaris acquatica), and parasitized annual grass (Lolium sp.) toxicosis were
ruled out on the basis of low mortality and lack of exposure to these plants.
Additionally, aflatrem, Dallas grass (Paspalum dilatatum infested with Claviceps
paspali, a relative of ergot), and Bermuda grass (Cynodon dactylon) staggers were
ruled out on the basis of lack of exposure to these sources (Osborn et al., 1992).
Ergot toxicosis (grains and grasses parasitized with C. purpurea) was ruled out on the
basis of the infrequency of sclerotia on seed heads (seed heads themselves were rare
in the affected pastures) and on incompatible clinical signs.Classical ergotism of
livestock (other than the related Dallas grass staggers) primarily involves reproductive
abnormalities and gangrene rater than convulsions (Spoon and Hallford, 1989).
A. lolii the endophyte of PRG (L. perenne), had been associated with
production of 2 main toxins, lolitrem B and peramine, which are principally
responsible for PRG staggers and induction of resistance to Argentine stem weevil (L.
bonariensis), respectively (Belesky et al., 1989). Peramine was not quantitated in this
study as it is not believed to be responsible for the animal toxicosis. Although the
duration of seedling resistance is not determined, it has been shown that the matured
plants become susceptible to Argentine stem weevil (Smith et al., 1985). The first101
group to examine the dynamics of and significance of seed-stored and endophyte-
produced peramine and lolitrem B in developing PRG plants were (Belesky et al.,
1989). Using seed infected with viable endophyte, Ball et al. (1993), and his group
found that, from an initial concentration of 47,000 ppb in seed, the mean peramine
concentration declined in the seed residue to less than 10,000 ppb by day 24. This
contrasts with lolitrem B the concentration of which rose sharply from 29,000 ppb in
the seed to 60,000 ppb in the seed residue by day 24.
One factor that may play a role in toxicosis of a pasture is the fact that
paxilline which is another toxin produced early in the growth stages of a young
perennial ryegrass has a lower tremogenic toxicology.Paxilline, which is a
tremorgenic mycotoxin, has been proposed as a precursor to the lolitrem B and has
been suggested as a possible cause of staggers in absence of lolitrem B (Fletcher et
al., 1992).Its potency is one-tenth that of lolitrem B in mice (Penn et al., 1993).It
was among the mycotoxins considered as possible causes of ryegrass staggers before
the disorder was linked with endophyte and lolitrem B (Gallagher et al., 1978).It has
been recently isolated from several endophytes in cultures, including the endophyte
which does not produce lolitrem B in association with its host ryegrass, 187 BB strain
(Penn et al., 1993). Fletcher (1993) reported incidence of ryegrass staggers in lambs
grazing ryegrass/endophyte associations free of, or with low levels of lolitrem B but
with significant levels of the tremorgenic mycotoxin, paxilline. Wide variation in
cultural, morphological and physiological characteristics including the production of
alkaloids in vivo exists among Acremonium isolates from L. perenne and F.
arundinacea (Christensen et al., 1993).102
Keogh and Taper (1993) studied and reported A. lolii, lolitrem B, and
Peramine concentrations within vegetative tillers of perennial ryegrass. The
concentration of A. lolii was higher in sheath than leaf blade. Another consistent
feature was the progressive increase in A. Mil concentrations from blade tip to lower
sheath portions. This pattern of distribution will be a major determining factor in the
distribution of fungal metabolites, such as lolitrem B, which may be readily
translocated. Keogh and Taper (1993) also reported that the concentration of lolitrem
B increased progressively with increase in leaf age--being 600, 1200, 3600, and 5700
ppb for youngest to oldest and largest leaves respectively. This pattern of increasing
concentration with age or maturity has major implications with respect to grazing
management and acquisition of neurotoxin. Thus, the production and accumulation of
lolitrem B may be minimized if the ryegrass component of the pasture is maintained
at a young leafy stage and not allowed to be spelled for too long so that mature and
senescent leaves predominate. Keogh and Clements (1993) have noted that the success
of a rapid rotation in controlling perennial ryegrass staggers may partly be explained
in the terms of a 10 to 15 day rotation with daily shifts would ensure that most of the
leaf available consisted of young leaves which contain the least amount of lolitrem B.
When distribution of lolitrem B throughout the tiller is considered, nearly 60 percent
of the total was present in the older sheaths. The fate of the neurotoxin as this tissue
ages further and becomes part of the standing litter is of interest. As the stock may
be forced to clean-up grazing of aged pastures. This practice is carried out under
certain management and would result in animal toxicosis problems.
The distribution of lolitrem B within leaves was shown by Keogh (1993) to103
have changed markedly from the younger to the older leaves.In Ll the concentration
was low (600 ppb) and relatively uniform along the leaf.In L2 a pattern has emerged
in which a concentration gradient, similar to that for A. Mil, has becomeapparent
and this persists in the older leaf blades.Lolitrim B was not quantitated in various
parts of the plants in this study. Based on the results of our studies and in
coordination with what is happening in laboratories throughout United States and
elsewhere in the world, we recognize the need for the following additional studies.It
was our goal to determine the ppb of toxin for both tall fescue and perennialryegrass
that causes clinical disease and the conditions under which thisoccurs. This requires
a blending of botanical studies on plants with field studies on animals, with both
correlated to analytical assays that measure the actual toxin levels.In tall fescue
toxicity there appear to be 3 known factors: susceptibility of the species of animal, the
level of the EV toxin (the molecule that causes vasoconstriction) and the
environmental temperature (with 4ow temperatures exacerbating the incidence of
fescue foot). With perennial ryegrass toxicity, there are 2 of the major factors
known: the amount of lolitrem B (the molecule thatcauses the neurological staggers)
and the susceptibility of the animal species. Withour results that the level of toxin
produced by the plant is not a constant amount, additional studiesare needed with
individual plants under another year's conditions.
Dietary EV at 813 ppb is reported from a fescue foot, fieldcase study,
involving sheep on tall fescue pasture. This was in November, the environmental
temperatures were 52.0 to 39.9 F. However, 1235 ppb levels in the summer months
(June to July), at 61.1 to 57.4 F, clinical disease, fescue footwas not seen. This is in104
strong support with the hypothesis, that, environmental factor is important in
induction of the disease.
These studies also demonstrated that cattle may be more susceptible to fescue
foot problem,813ppb dietary EV caused clinical disease, fescue foot in the months
of May and June at65.4to 60.4 F. Higher levels failed to produced the disease,
under similar environmental conditions in sheep. Varying levels of EV reported in
different parts of tall fescue plant is important in relation to grazing management. The
implication of this is that when cutting the straw, if the swathe is set 1 inch above the
crown, one would significantly reduce the amount of toxin in the grass residue. Sheep
grazing winter pasture, under good management practice do not get to the crown
level.
Dietary lolitrem B of2135ppb was associated with ryegrass staggers, and
1465ppb level, no clinical disease with a flock of sheep on perennial ryegrass
pasture. These threshold levels will provide an initial baseline for further studies.
Since lolitrem B at1680caused disease in cattle in Northern California. The
information will be useful to farmers and extension agents in western Oregon, since
this is the first documentation of its kind here.
Conclusions
Analytical assays for the endophyte in the plant and the toxins responsible for
producing clinical signs in the animals are essential to any study of these plant-disease
interrelationships. The method of identifying viable hyphae of the endophytic fungi in
tall fescue and perennial ryegrass was used as to allow the quantification and105
correlation of the endophyte in total and in subparts of the plant to toxins of the
respective plants. High performance liquid chromatography with florescence
detection (modified assay) for quantifying EV and lolitrem B, developed in the
laboratory of Dr. A. M. Craig, was used.
Based on the results of our studies and in coordination with what is happening
in laboratories throughout United States and elsewhere in the world, we recognize the
need for the following additional studies.It was our goal to determine the ppb of
toxin for both tall fescue and perennial ryegrass that causes clinical disease and the
conditions under which this occurs. This requires a blending of botanical studies on
plants with field studies on animals, with both correlated to analytical assays that
measure the actual toxin levels.In tall fescue toxicity there appear to be 3 known
factors: susceptibility of the species of animal, the level of the EV toxin (the molecule
that causes vasoconstriction) and the environmental temperature (with low
temperatures exacerbating the incidence of fescue foot). With perennial ryegrass
toxicity, there are 2 of the major factors known: the amount of lolitrem B (the
molecule that causes the neurological staggers) and the susceptibility of the animal
species. With our results that the level of toxin produced by the plant is not a
constant amount, additional studies are needed with individual plants under another
year's conditions.itional studies are needed with individual plants under another year's
conditions.106
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TALL FESCUE TOXICOSIS GLOSSARY
Many terms have been used in recent years to describe various aspects of the
tall fescue Acremonium coenophialum association. Some of these terms arose
originally from scientific terminology and many have undergone some modification in
meaning; others may have been taken from the vernacular and imprecise. There is
need to provide members of the agricultural community and the public with an
indication of the meaning of terms in common use and to distinguished among those
that are readily acceptable and understood, those that require careful definition when
used and those that are not acceptable.
Acremonium coenophialum Morgan-Jones and Gams. A symbiotic endophytic
organism that is an obligate inhabitant of tall fescue. A. coenophialum is appropriate.
Alkaloid. A general term to describe a class of basic organic compounds containing
nitrogen in their structure.
Clean seed. Inappropriate term for describing tall fescue seed with no associated A.
coenophialum; the appropriate term is endophyte-free seed.
Dirty seed. Inappropriate term for describing tall fescue with A. coenophialum in
association; the appropriate term is endophyte-infected seed.
Endophyte. An organism that lives its life cycle within a host plant without causing
disease; not specific enough to imply A. coenophialum unless defined earlier.
Endophyte-free seed. Seed that has been determined to contain viable endophyte;
applies to A. coenophialum if defined previously. The infection level of the seed lot
also should be defined.
Endophytic fungus. A fungus that lives it life cycle within a host plant without
causing disease; not specific enough to imply A. coenophialum unless define earlier.
Ergopetide (ergopeptine) alkaloids. Any of the lysergic acid derivatives formed
with a peptide bound between the acid group of the lysergic acid and the reacting
amine group.
Ergot alkaloids. The alkaloids described as produced by the fungi Claviceps
purpurea, C. paspali, and C. fusifonnis; may be produced by other organisms; these
alkaloids are derived from ergoline and include the clavine alkaloids, lysergic acids,
lysergic acid amides, and ergopeptide alkaloids.
Fat necrosis. A condition resulting in hardened fat surrounding and interfering with
the functions of the intestines, and perhaps other organs, of animals grazing A.
coenophialum-infected tall fescue; the condition often is aggravated by large
applications of nitrogenous fertilizers.122
Fescue. A grass classified in the Festucagenus; a vernacular but incomplete
description for tall fescue, unless defined earlier in thepublication.
Fescue endophyte. The fungus Acremonium coenophialumthat lives symbiotically
within the tall fescue plant; the term should be defined ineach publication, since a
number of different endophytic fungimay exist in tall fescue and become widely
adapted.
Fescue foot. A gangrenous sloughing of livestock extremities,including hooves,
tails, and ears, resulting from ingestion of A. coenophialum-infectedtall fescue,
usually in cold weather; the condition is difficultto distinguish from signs occasioned
by mild ergot poisoning.
Fescue fungus. Not an acceptable term, since it could referto any number of
different fungi that can infect tall fescue.
Fescue toxicity. Not an acceptable term, since tall fescue itselfis not the toxic agent;
one or more chemicals produced in the tall fescue/A. coenophialum associationmay
induce fescue toxicosis.
Fescue toxicosis. The generic term used to describe collectivelythe animal
syndromes associated with ingestion by animals of A. coenophialum-infectedtall
fescue, such as fescue foot, fat necrosis, agalactia, and otherdisorders; the disease
state in the animal is implied by this generic term andmay result in reduce growth,
rough haircoat, excessive salivation, elevated bodytemperature, and impaired
reproductive performance; since many of these signscan be exacerbated by elevated
ambient temperatures, the termsummer syndrome has been used colloquially to
describe fescue toxicosis observed insummer.
Fungal incidence. Too vague to be acceptable foruse.
Fungus. Use of the word "fungus" alone should be avoidedunless it has been clearly
defined earlier in the publication.
Fungus-free. The state of being free ofany fungus; the term applies to a plant that is
totally free of the fescue endophyte only when "fungus" has beendefined earlier in
the publication.
Fungus-infected. Refers to a plant that has been invaded bya fungus; the fungus
should be identified earlier.
Fungus-infested. Refers to a field or a population of plants in whicha number of
individuals are infected by a fungus; the fungus should beidentified earlier.123
Incidence. Refers to the proportion or percentage of individuals withina defined
population that possess a measured characteristic; it does not refer to the number of
infected plants.
Infected. Refers to a plant that has been invaded bya symbiont, a parasite, or a
pathogen.
Infection. The state produced by the establishment ofan infective agent in or on a
suitable host; at this time, no research supports the idea ofa pathogenic relationship
between A. coenophialum and tall fescue. However, infection often is usedas a
generic term to denote the presence of a symbiont, suchas mycorrhyzal fungi or
Rhizobia.
Infection level. Not an acceptable term, since infection refers toa specific host
plant.
Infestation level. The proportion or percentage of individuals examined thatare
infected; the term needs very careful definition in each publication.
Infested. A plant cannot be infested with an endophytic fungus, it is infected. The
usage has developed to describe a population as being infested:a field, a pasture, or
a seed lot. A population is never infected; its component individuals are.
Lolines or loline alkaloids. Generally, any of the saturated amino pyrrolizidine
alkaloids; loline and/or its derivatives.
Low-endophyte seed. Refers to a seed lot of tall fescue in which the percentage of
A. coenophialum-infected seed is small, generally less than 5%; the endophyte should
have been defined earlier in the publication.
Noninfected. The specific infecting organism, which should be specified, isnot
present.
Saturated amino pyrrolizidines. Loline, norloline, and their derivatives.
Summer slump. An unsatisfactory term for tall fescue toxicosis, since it implies the
problem is restricted to summer; tends to the vernacular. See Fescue Toxicosis.
Tall fescue. Festuca arundinacea Schreb.
Toxic fescue. An unsatisfactory term for referring to tall fescue infected byA.
coenophialum.